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ABSTRACT 
This thesis has been divided in three sections. The first chapter contains a review of 
resorcinarene chemistry. The second chapter contains the results and the discussion 
and the experimental details are provided in the third chapter. 
The first part of chapter two contains the results and discussion related to the 
synthesis ofbenzoxazines derived from resorcin[6Jarene and resorcin[4Jarene and the 
diastereoselectivity observed in the syntheses. 
The second part of chapter two describes the synthesis of inherently chiral 
resorcinarenes using non-chiral 3-alkyloxyphenols, the synthesis of benzoxazines 
derived from these inherently chiral resorcinarenes and the synthesis of a pair of 
diastereoisomers using the 3-alkyloxyphenol derived from (R)-mandelic acid. The 
synthesis of a range of alkoxyesters using dimsyllithium in high yielding reactions is 
also discussed. 
The third part of chapter two reports the resolution of the absolute configuration of the 
racemic resorcinarenes discussed above. (S)-(+)-Camphorsulfonyl chloride is used as 
a chiral auxiliary to allow the separation of diastereomerically pure resorcinarenes 
followed by removal of the chiral auxiliary to give both chiral non-racemic 
resnrcinarenes. The correction of the absolute configuration of a range ·of compounds 
reported by others is also given. 
The fourth and fifth parts of chapter two discuss potential uses for the resorcinarenes. 
The fourth part describes the results obtained when the resorcinarene-derived 
benzoxazines were used as ligand in the dialkylzinc addition to benzaldehydes. The 
benzoxazines were also used as chiral complexing agents for a range of compounds 
and the results of this study are compiled in the fifth part. 
Finally, chapter three contains full experimental data for the synthetic studies carried 
out in the preceding chapters. 
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Chapter I: Introduction 
Resorcinarenes are a family of cyclic oligomers generally synthesised by 
acid catalysed condensation of resorcinols and a variety of aldehydes. The first 
synthesis was reported by Baeyer in 1872 while he was researching phenol-based 
dyes. Although Baeyer was unable to identify the exact structure, he reported that 
the properties of the compound obtained by condensation of benzaldehyde and 
resorcinol presented similar properties to phenolphthaleins.1•2 
Seventy years later, in 1940, Niederl and Vogel prepared various compounds 
derived from isovaleraldehyde, acetaldehyde, propionaldehyde and resorcinol. They 
investigated the octa-acetates, octa-propionates and octa-methyl ethers of these 
condensation products3 The study of the molecular weight and elemental analysis 
of the esters enabled them to propose the structure of the cyclic tetramer 1 as the 
product of the condensation reaction (Figure 1-1). 
H01(Y0H 
HC~CH 
HO' 'HH R R 
~-!J r;_~ 
HC I "" CH 
HO .& OH 
R Me; Et. i·Pr 
1 
Figure 1-1: Structure proposed by Niederl and Vogel 
Their structure was later confirmed by the work of Erdtman in 1968 using 
single crystal X-ray analysis4 
Resorcinarene is the most commonly used name and is used in this review. 
However, resorcinarenes can be encountered in the literature as octols, S 
calix[ n ]resorcinarenes, 6 resorcarenes,7 and metacyclophanes. 8 
1 
1 Resorcinarenes synthesis 
The synthesis of resorcinarenes is a one-pot procedure that allows the 
preparation of a wide range of compounds from a wide range of aldehydes (except 
formaldehyde). The condensation is generally acid catalysed, and examples of the 
synthesis using mineral acids, Lewis acids and protic acid are discussed. The 
condensation of resorcinols with formaldehyde in an alkaline medium has also been 
recently reported9 
1.1 Mineral acid catalysed 
Hogberg,8,1O and Cram,5 have extensively studied the preparation of 
resorcinarenes using concentrated hydrochloric acid in an ethanol-water mixture, 
and they reported optimised conditions for the acid catalysed condensation (Scheme 
1-1). 
H0'Cf0H I + 
.0 
HCI aq 
ethanol 
water 
.. 
H0l(Y0H 
HC~CH 
HO' '~H R R 
~-/; f_~ 
HC I "'" CH 
HO .0 OH 
Scheme 1~l: General reaction .co!1ditionsJor.the preparation ofresorcinarenes 
Resorcinarenes simply crystallise from the reaction mixture and therefore 
can be isolated by filtration in good to excellent yields. Reinhoudt has written a 
review listing a large range of aldehydes potentially useful for resorcinarene 
synthesis. ll 
The previous studies reported the tetramer to be the sole cyclic oligomer 
isolated. An exception to this has been reported by Rebek: 12 the acid catalysed 
condensation of resorcinol and propionaldehyde yielded the major isomer 2 (90% 
yield), the cyclic tetramer, and another product (5% yield), which was crystallised 
2 
from the reaction by addition of tetrahydrofuran to the reaction mixture, and was 
identified as the cyclic hexamer 3 (Scheme 1-2). 
CzHsCHO HO 
HOOOH HCl aq I -----1._ , 
.0 ethanol \\ 
water 
2 
Scheme 1-2: Synthesis of the hexamer 3 
OH HO 
3 
Condensation reactions were attempted using acetaldehyde and 
butyraldehyde using the same conditions, but those condensations only yielded the 
tetrameric compound. The formation of the hexamer results from a very low 
solubility in the reaction mixture and from a high stability under the reaction 
conditions. Resorcin[6Jarenes had previously been isolated (10-20% yield) by 
Konishi from 2-alkylresorcinols and 1,3,5-trioxane in a time controlled reaction 
(Scheme 1-3) after a three hours reflux in ethanol. 13 
Hel cone 
ethanol 
R: Me, n-Pr, n-Hexyl 
OH HO 
Scheme 1-3: Preparation of the resorcin[nJarenes from 2-alkylresorcinols 
However, unlike the resorcin[6Jarene 3, the products obtained by Konishi are 
converted to the corresponding tetramers if submitted to the reaction conditions for 
twenty-four hours. The resorcin[6Jarene appeared to be the kinetic product, 
converted by protic acid catalysed fragmentation to the thermodynamic product, 
resorcin[4Jarene. This group later isolated the resorcin[5Jarene, following the 
reaction by lH NMR spectroscopy and separating the different cyclic oligomers 
3 
usmg HPLC6 The cyclic pentamer reached its peak concentration after thirty 
minutes of reaction and totally disappeared after 6 hours. 
Rebek recently reported the simple 'synthesis of the resorcinarene 4 using a 
mixture of hex anal and 2,3-dihydrofuran in 25% yield (Scheme 1_4).14 
HO OH 
HCI aq 
methanol 
7 days, 50 'C 
R': n-pentyl, R2: C4HsCH20H 
Scheme 1-4: Preparation of the resorcinarene 4 using a mixture of aldehydes 
The resorcinarene 4 was obtained alongside other products with a different 
distribution, but the presence of the alcohol moiety allowed easy separation; 
furthermore, the resorcinarene 4 was easily functionalised after suitable protection 
of the phenolic hydroxyl groups. 
1.1.1 Possible conformations 
In theory, resorcmarenes can adopt a large number of conformations. 
Hogberg has described the possible conformers8 ,1O Their study can be divided into 
three characteristics: 
a) the conformation of the macrocycIic ring: crown (C4v), boat (C2v), chair (C2h), 
saddle (D2d) and diamond (Cs), five extreme conformers as shown in Figure 1-2: 
4 
Ra Ra 
diamond (Cs) saddle (Du) 
Figure 1-2: Extreme conform~rs (phenolic hydroxyl groups omitted for clarity) as 
shown in reference 11 
b) the relative configuration of the substituents at the bridging carbon: all cis (rccc), 
cis-cis-trans (rcct), cis-trans-trans (rctt), trans-cis-trans (rtct), as shown in Figure 1-
3. 
R R R R 
R R 
reee reel rett rtel 
Figure 1-3: Possible relative configurations of the substituents at the bridging 
carbon 
c) the configuration of each substituent at the bridging carbon, in the case of a 
resorcinarene possessing a C symmetry: either pseudo-axial or pseudo-equatorial. 
Varying the reaction conditions and the aldehydes permitted the isolation of 
different conformers,15 but the reaction can be driven to yield only the all axial rccc 
crown conformer by prolonged heating at high temperature. Following the 
5 
R 
condensation of resorcinol and benzaldehyde,8 the first conformer isolated was in 
the chair configuration, which reached a peak concentration after one hour and then 
slowly decreased: after ten hours, only the crown conformer was recovered. If 
isolated and submitted to the reaction conditions, the chair conformer only yielded 
the crown conformer. If isolated and submitted to the reaction conditions the crown 
conformer only yielded starting material without any trace of the chair-like 
conformer. As the reaction is reversible, the lower solubility of the crown conformer 
acts as a thermodynamic sink that allows the reaction to yield only one conformer, 
while the chair conformer has been identified as the kinetic product. 
Similar work on the resorcinol-acetaldehyde condensation allowed the 
isolation of the rctt chair conformer and of the rccc boat conformer,1O both with all 
the substituents at the bridging carbon in a pseudo-axial position. Once again the 
boat conformer was less soluble and was the only conformer obtained after 
prolonged heating. Using longer aliphatic chains,16 products were obtained as the 
rccc boat, the rctc chair, and the rcct diamond conformers. Furthermore, ab initio 
calculations on the tetraethyl-resorcinarene showed a stronger stabilisation of the 
boat conformer due to the strong directional hydrogen bonding around the phenolic 
hydroxyl groups17 In fact the boat conformer appears like a pinched crown, which 
allows every resorcinol unit to be a hydrogen bond acceptor and a hydrogen bond 
donor. 
1.1.2 Mechanism.ofth~ macrocycleformation 
By following the condensation of resorcinol and acetaldehyde in a mixture 
of methanol and hydrochloric acid using IH NMR. spectroscopy, Weinelt and 
Schneider were able to identify numerous oligomers formed and degraded during 
the synthesis of the corresponding resorcinarene 9, as shown in Scheme 1-5 
below. IS 
6 
HOOOH I + 5 
o 
OHHO OH HO 
HO 
Me 7 Me 
3 CH30H 
H" 0-~~--< + 3 H20 
0-
5 
OH HO 
HO~OHpOIYmerisation 
6 -Me 
Resorcinol HO OHHO OH +5 
• 
Me 
~ 
9 
Higher linear 
oligomers 
OH HO 
Me 8 
5 
a. 
<1> 
""C 
o 
~ 
<1> 
::l. 
00 g. 
" OHHO 
Me 
Scheme 1-5: Mechanism of the resorcinarene formation 
OH 
The dimethyl acetal 5, which is rapidly formed under the acidic conditions of the 
reaction, was found to be the electrophile. The dimethyl acetal reacts with two 
resorcinol units to give the first observed intermediate 6, a linear dimer, which then 
reacts to form higher oligomers. Oligomers with more than four resorcinol units can 
be found at concentrations up to 45%, but as the reaction is reversible under those 
conditions, those higher oligomers undergo depolymerisation. The linear tetramer 8 
was not observed in the experiment, as it rapidly undergoes cyclisation. As shown 
by molecular calculations, the linear tetramer 8 adopts a folded conformation as it 
facilitates the hydrogen bonding of the phenolic hydroxyl groups, thus allowing the 
cyclisation with another acetal to yield the resorcinarene 9. 
7 
1.2 Other methods for resorcinarene preparation 
Alternative methodologies have been developed to synthesise resorcinarenes 
such as the use of Lewis acids and protic acids. 
1.2.1 Lewis acid methodology 
Botta has reported the use of boron trifluoride etherate to prepare the 
octamethoxyresorcinarenes 11 from the corresponding (E)-2,4-dimethoxycinnamic 
acid esters 10 (Scheme 1-6) in good yields. 18,19 The products were obtained as a 
mixture of conformers: the resorcinarene 11 a was obtained as a mixture of the boat 
(rccc) and diamond (rcct) conformers in 3:2 ratio, while lIb and Uc were obtained 
as a mixture of the boat (rccc), diamond (rcct) and saddle (rccc) conformers. 
Me0'](YoMe 
·~OR 
o 
R: Me lOa 
Et lOb 
i-Pr 10c 
15 hours, r.t. 
"" OMe 
--_"I .& 
MeO OMe 
R1: CH2COOMe 
CH2COOEt 
CH2COOi-Pr 
lla 75% 
llb 68% 
llc 80% 
. Scheme 1-6: Synthesis ofresorcinarenes using dimethoxycinnamic acid esters as 
precursors 
Increasing the quantity of the Lewis acid allowed an improvement in the yield of the 
boat conformer at the expense of the diamond one while the quantity of the saddle 
conformer was unchanged. Similar results were obtained when the reaction was 
conducted at a higher temperature. Botta also reported the synthesis of 11 busing 
(E)-2,6-dimethoxy-cinnamic acid ethyl ester through a rearrangement in (E)-2,4-
dimethoxycinnamic acid ester using boron trifluoride etherate as the Lewis acid.20 
Curtis successfully used aluminium chloride to synthesise the glucose-
derived resorcinarene 12 as shown in Scheme 1_721 
8 
HOyyOH V + ~o 
OGluc(OAc)4 
AcQ OAc 
Gluc(Oac)4 +'(-\"'OAC 'o~OAC 
.. 
12 
R: +{ }-OGIUC(OaC)4 
Scheme 1-7: Synthesis of a glucose-derived resorcinarene 
The resorcinarene 12 was obtained as a mixture of the chair conformer (rctt) and the 
boat conformer (rccc) in a 3:1 ratio. The presence of the glucose functionality 
allows a better solubility in organic solvents and eases the separation of the 
conformers. 
Iwanek has studied the condensation of 1,3-dimethoxybenzene and 
isovaleraldehyde using a variety ofLewis acids (Scheme 1_8)22,23 
MeOyyOMe 
V 
RC HO 
Lewis acid 
.. 
R: -~}-
13 
Scheme 1-8: Synthesis of the octamethoxyresorcinarene 13 
Different Lewis acids (SOCh, PO Cl), AlCb, SiChMe2, SiClMe3 and SnCI4) 
allowed different ratios of each conformer (rccc, rcct and rctt) in the reaction 
mixture to be isolated in poor to good yields (20-85%) while tin chloride was 
singled out as giving the best yield (85%) of only one conformer (the rccc crown) of 
the resorcinarene 13. The rctt conformer was obtained as the minor product (5-10% 
of the isolated yield) and was converted into the rcct conformer after being heated in 
chloroform, whereas the crown conformer was unchanged after being heated. The 
9 
rccc crown and the rcct diamond conformers were separated using their different 
solubility in a mixture of chloroform and methanol and were identified using NMR 
spectroscopy. Changing from isovaleraldehyde to different aliphatic aldehydes gave 
similar results in lower yields. 
Mocerino has reported the synthesis of racemic chiral tetraalko~y­
resorcinarenes using the Lewis acid boron trifluoride etherate (Scheme 1-9) and the 
aliphatic aldehydes octanal and dodecanal. 24 
R'OOOH 0 
I + 11 h R2"'H 
, 
, 
, 
, 
, 
, 
OR': R'O , 
'Il : , 
, 
, 
OHl , 
, 
, 
i R10 
, 
14. R': Me R2: C7H'5 
14b R': Me R2: C11 H23 
14c R': n-Pr R2:C11 H23 
OH 
Scheme 1-9: Synthesis of the racemic chiral tetraalkoxyresorcinarenes 
This procedure afforded excellent yields in a short reaction time and moreover 
yielded only the crown conformer with all the substituents cis (rccc). This high 
selectivity could be explained by the formation of intramolecular hydrogen bonds 
(O-H----ORl) during a reversible condensation reaction. We may note that the 
reaction conditions make it unlikely that the formation of the cyclic tetramer is 
reversihle?O Another p~s~ibl~-explariation would be the formation of the monomer 
intermediate 15 (Figure 1-4), which then reacts with another monomer in a highly 
organised manner, involving templating to form the hydrogen bond between the 
phenolic hydroxyl group and the neighbouring oxygen from the methoxy group, to 
afford the tetramer. 
15 
Figure 1-4: Proposed monomer intermediate precursor of the resorcinarene 
10 
Long reaction times and the need for cleaner chemistry prompted Mohan to 
investigate the use of catalytic bismuth triflate Bi(CF3S03)3.4H20 to synthesise 
resorcinarenes (Scheme 1_10)25 
HO~OH 
V + 
HO~OH Ib 
. 4 
R 
Scheme 1-10: Use of bismuth triflate 
Aliphatic aldehydes afforded the parent resorcinarenes in high yield and only in the 
most favoured rccc boat conformer in less than a day, while the classical procedure 
using mineral acid usually requires forty-eight hours of heating under reflux. Using 
benzaldehyde, after one hour, the product was isolated as a mixture of boat and 
chair conformers in a 1:0.78 ratio. When the reaction was allowed to run for eight 
days, only the boat conformer was isolated. A drawback of the methodology is that 
the catalyst is not commercially available and therefore needs to be prepared. 
Konishi, as previously discussed,13 has successfully synthesised 
resorcin[6]arenes using 2-alkylresorcinols and formaldehyde under acidic 
conditions, but under the reaction conditions, they were found to be unstable. The 
Lewis acid Sc(OTf)3 was then used to prepare the allyl-protected methylene-bridged 
resorcinarene, which upon deprotection gave resorcinarene 16, which could not be 
previously obtained using formaldehyde under acid catalysis (Scheme 1_11)26 
RO~OR 
~OH MeCN 
R: allyl 
ammonium 
OR formate HO 
PdCI2(PPh3h 
dioxane 
16 
Scheme 1-11: Preparation of the methylene-bridged resorcinarene 
Recently, Konishi' s group reported the preparation and isolation of 
resorcin[n]arenes where n = 4, 5, 6 and 7 from an equimolar mixture of 2-11-
propylresorcinol and diethoxymethane using Sc(OTf)3 (Scheme 1_12)27 The higher 
11 
cyclic polymer (n = 8) was seen in a complex mixture with linear oligomers and 
was not iso lated. 
SC(OTt)3 
HO OH + MeCN 
n 
Scheme 1-12: Preparation ofresorcin[n]arenes 
When a ratio of 1:2 resorcino1:diethoxymethane was used, the reaction exclusively 
yielded the cyclic tetramer. The excess of diethoxymethane in presence of Sc(OTf)3 
enabled the cleavage of the carbon-carbon bond previously seen with mineral acid 
catalysis, acting as an electrophile and allowing fragmentations and rearrangements. 
1.2.2 Protic acid methodology 
Relatively few methodologies have been described to prepare resorcinarene 
ethers using protic acids. Trifluoroacetic acid (Scheme 1-13) has been used to 
synthesise the octamethyl methylene-bridged resorcinarene 1628 
Me0'J('yoMe _T_FA_ 
~OH 
MeO OMe 
16 
Not isolated 
Scheme 1-13: TFA catalysed preparation of the resorcinarene 16 
The product was not isolated and no spectroscopic data were given. The 
resorcinarene 16 was immediately acetylated and the octa-acetate was recrystallised 
from ethanol and identified as the saddle conformer. 
A solvent-free method (Scheme 1-14) for resorcinarene synthesis was 
developed by Scott. 29 Grinding resorcinol and various benzaldehydes in presence of 
12 
a catalytic amount of p-toluenesulfonic acid achieved similar yields but shorter 
reaction times than previousl y described in the literature.5,15 
H0"r0r0H 
V + 
R:+O 
HO 
+b 
Grinding 
p-to luen esu Ifon ic 
acid cat. 
Yield 
90% -~o-O(CH2hCH3 
81% -~o-O(CH2)4Br 
-~o-O(CH2hCH3 96% -~o-N02 
Yield 
80% 
92% 
0% 
Scheme 1-14: Solvent-free synthesis of the benzaldehydes-derived resorcinarenes 
Two conformers were identified in almost all the cases from IH NMR data, the rccc 
crown and the rctt chair conformers in a 1:2 ratio. In comparison, solution studies 
usually gave a 95:5 ratio and it was proposed that solubility effects in the reaction 
mixture resulted in the different ratios of the isolated material. 
Konishi reported the condensation of various aldehydes (benzaldehyde 
derived, acetaldehyde and 2,3-dihydrocinnamaldehyde) with 2-bromoresorcinol 
(Scheme 1_15).30. Trifluoromethanesulfonic acid catalysed. the reaction to give 
average yields (30-60%). 
Br 
HO~OH V + MeCN, Heat 
Scheme 1-15: CF3S03H as a catalyst 
Br 
HO~OH 
10 
4 
. R 
The products were isolated as only one conformer; the benzaldehyde derived 
products were found to be in the rctt chair configuration while the aliphatic 
aldehydes yielded the expected rccc crown conformer. 
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2 Resorcinarene functionalisation and derivatisation 
The functionalisation of resorcinarenes can be achieved either on the lower end 
of the rim using the substituent chain, or on the upper rim. Substitution on the lower 
rim has been less studied, and is usually limited by the range of available aldehydes. 
Functionalisation of the upper part of resorcinarenes can be achieved through two 
pathways, derivatisation of the phenolic hydroxyl groups (partial or total) and the 
derivatisation of the ortho position between the two phenolic hydroxyl groups. 
2.1 Functionalisation of the lower rim 
Almost all the aldehydes can undergo the condensation reaction, however 
bulky aldehydes (polyfunctionalised benzaldehydes), aldehydes with a functionality 
close to the carbonyl group (ClCH2CHO or glucose) have not been shown to yield 
the desired product, although ester-derived, 18,19 amide-derived,31 and cyano-
derived,32 resorcinarenes were obtained by Botta and co-workers using boron 
trifluoride etherate. A review written by Reinhoudt summarises the possibilities cif 
the simple aldehyde derivatisation. ll 
Botta prepared a resorcmarene bridged between pairs of lower nm 
substituents.33 Starting from the previously synthesised resorcinarene 17,18 C2 
symmetric products were obtained by addition of two equivalents of diacyl 
chlorides such as adipoyl, glutaroyl and pimeloyl chloride .. The adipoyl-bridged 
resorcinarene 18 was obtained, for example, in an optimised yield of 70% (Scheme 
1-16). Sherman synthesised another tetrahydroxy-footed resorcinarene using 
resorcinol and 2,3-dihydrofuran.34 
RO 
,--,., 
HO RO 
OR 
""~ 
OR OH 
17 
=:,0,-- RO 
° > RO '. 
CIOC(CH2)n+2COCI (H C) -
n 2--Z \\ /; 
RO 
o ,--..... 
° RO 
R: Methyl 18 
Scheme 1-16: Synthesis ofa basket-like resorcinarene 
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Botta and Bohmer attempted to synthesise resorcinarenes with alternating 
substituents at the bridging methine35 Their pathway involved stepwise reactions in 
order to avoid a statistical distribution of products (Scheme 1-17). 
H0X}0H I + 
Br h 
Acid 
~ OOHO ~ ~ OO~ OH 
'1("1 Vir Dehalogenation 1("1 Vi( 
Br~Br ~
R' R' 
19a R'; -(CHvz-C.Hs R2; p-C,H,OH 
19b R'; p-C.HsN02 R2; p-C,H,OH 
19c R'; -(CH2h-C,Hs R2; -CH2CH, 
HO OH 
Scheme 1-17: Alternating substituents at the methine bridge 
As shown above, the dimers derived from the condensation of 4-bromoresorcinol 
and various aldehydes were prepared and then dehalogenated. The dehalogenated 
dimer was then treated with an equimolar amount of a second aldehyde, in the case 
of propionaldehyde to yield 19c in 55% and in the case of p-hydroxybenzaldehyde 
to yield 19a and 19b in quantitative yields. Those products were then acylated to 
isolate the different conformers. The acetylation of 19a yielded 10% of the deca-
acetylated rccc crown, 15% of two rcct conformers and 34% of the rctt chair 
conformer. The acetylation of 19c yielded a mixture of conformers with a similar 
composition. The acetylation of 19b yielded 40% of the crown conformer, 7% of 
the rcct (only one conformer) and 40% of the chair conformers. 
Terminal alkenes on the lower rim (Figure ~-5) have been used as 
precursors to further the functionalisation by condensation of resorcinol and 10-
undecenaI.36 
20 
Figure 1-5: Terminal alkene substituted resorcinarene 
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· Rebek used the resorcinarene 20 as a precursor for the preparation of a 
monoepoxide, which should in turn allow the generation of a wide range of 
monoderivatised compound via the alcohol moiety derived from this epoxide 
(Scheme 1_18)37 
H0»00H Ib 
4 
~(CH2)a 
20 
f-BUC00)CG00Cf-BU 
tBuCOCl, DMAP I b 
--------- 4 ----------
(IPrhNEt, CH2CI2 (CH) 
m-CPBA 
CHCI3 
21 
~ 2 a 
{ 
R1: (CHvaCHz-<]' 
22 
R: (CH2)aCH2~ 
f-Bucoa oaCf-Bu 
Scheme 1-18: Synthesis of the monoepoxide 22 
Unfortunately, the epoxidation step yielded only 34% of the monoepoxide 22, while 
bis-epoxides were also isolated in 20% yield. Four supplementary steps were 
necessary to obtain the terminal alcohol moiety. The resorcinarene could then be 
functionalised at this position, for example, by preparing the adamantyl ester37 
The resorcinarene 20 has been used in the preparation of a chiral stationary 
phase (Scheme 19) for capillary gas chromatography.38 First, the chirality was 
introduced using an amino-acid derivative, the I-butyl amide of L-valine 23. The 
polysiloxane matrix was then attached by a quantitative hydrosilylation using 
hexachloroplatinic acid as a catalyst (0.1 %). The polymer obtained was found to be 
thermostable at 200'C when used as a stationary phase in enantioselective Gc. 
16 
20 
y y 
Potassium carbonate ~;H H~X; 
o~OkCQ.O~O MeCN I 
40% .& 
y 
.. HNyO 
y ..... NH 
o~O 
4 
(CH2ls ~ 
y 
0yNH, 
HN/y 
O~O 
t-~i-olL~~ol Me U Me In 4 
THF, Toluene 
t-~i-olL~~ol Me Jnl Me In 
24 
Scheme 1-19: Preparation of a resorcinarene-based chiral stationary phase 
As indicated above (Scheme 1_4),14 the resorcinarene 4 was prepared from a mixed 
condensation. Similarly, the condensation reaction (Scheme. 1-20) using 2-
methylresorcinol and a 3:1 mixture of hexanal:4-bromobenzaldehyde yielded the 
resorcinarene 25 in 35% yield39 
Me 
HO~OH 
V 
R1CHO:R2CHO 3:1 HO 
HCII ethanol 
R1 : n-pentyl 
R2 : p-bromophenyl 
25 
Scheme 1-20: Synthesis of resorcin are ne 25 
OH 
The preparation of the tetraquinoxaline-derived resorcinarene 26 was 
achieved with 2,3-dichloroquinoxaline using mild conditions. The presence of the 
17 
bromophenyl substituent allowed a Suzuki coupling reaction between 4,4'-
biphenyldiboronic acid and two resorcinarenes 26 (Scheme 1-21) to yield the 
compound 27. 
26 
4,4'-biphenyldiboronic acid 
Pd(PPh3)4, KF 
THF 
Scheme 1-21: Synthesis of the dimer 27 
The dimer 27 permits It-lt stacking between the upper-rim quinoxaline parts of two 
different dimers and allows it to oligomerise, yielding the polymer described as an 
oligobisvelcrand. 
2.2 Functionalisation of the upper rim 
From this point on, unless stated otherwise, all the resorcinarenes involved in 
this review have an rccc all-cis crown C4v configuration. The functionalisation of 
the upper rim of resorcinarenes has been extensively studied. Two reactive positions 
have been derivatised, the phenolic hydroxyl groups and the ortho-position between 
the phenolic hydroxyl groups that can undergo aromatic substitution. The 
derivatisation of these positions allows access to a wide range of compounds used in 
supramolecular chemistry, more specifically in molecular recognition and 
asymmetric catalysis. 
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2.2.1 The Mannich reaction 
Matsushita first investigated the Mannich reaction with pnmary and 
secondary amines using the resorcinarene 940 After optimising the procedure using 
dimethylamine (88% of resorcinarene 28, Scheme 1-22), the methodology was 
generalised to a wide range of secondary amines (aliphatic, cyclic or bearing 
functionality) to allow the formation of the resorcinarenes 29 in 60-80% yield. 
Me 
~N-M HO '" O~ I...,; 4 28 M dimethylamine formaldehyde ethanol/benzene HO~.OH I...,; 4 M 9 R'R2NH formaldehyde ethanol/benzene 
Scheme 1-22: The first aminomethylation reported 
R' 
R~.N HO '" OH 
I...,; 
4 
29 M 
The synthesis of benzoxazines was reported to give good yields (72-84%) using 
primary amines as shown below (Scheme 1-23). However, no benzoxazine 
synthesis was reported using a chiral amine. 
HOMjOH 
10 
4 
M 
9 
RNH2 
formaldehyde 
ethanol/benzene 
c. RNH2: H2N-D H2NCH2COOEt H2N-{ ) 
Scheme 1-23: The Mannich reaction with primary amines 
Further work was conducted by B6hmer using a range of aliphatic and 
aromatic non-chiral primary amines and gave good to excellent yields41 Only one 
of the possible regioisomerswas isolated in all the cases (Figure 1-6) as confirmed 
by NMR spectroscopy. 
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R1 R2 Yield% 
CSH11 n-butyl 88 
benzyl 75 
1-adamantyl 65 
p-nitrophenyl 55 
p-phenyloxyphenyl 49 
C11 H23 n-butyl 89 
benzyl 93 
1-adamantyl 73 
p-nitrophenyl 62 
p-phenyloxyphenyl 53 
Figure 1-6: Synthesis of the racemic benzoxazines from a range of primary amines 
(only one enantiomer is shown) 
Unlike the other regioisomers, this distribution allows four intramolecular hydrogen 
bonds around the upper part of the resorcinarene. This preferred product formation 
was assumed to be due to the reversibility of the benzoxazine ring-closure. The 
hydrolysis of the tetrabenzoxazine 30 followed by ring closure using deuterated 
formaldehyde yielded the same regioisomer (Scheme 1-24). 
. R2 
I 
R2NH2 NH 
formaldehyde ~ formaldehy~e 
---_. HO "" OH 
ethanol I.Q 4 hy~rochloric acid 
... __ ... __ . R 
30 
Scheme 1-24: Preparation of the tetrabenzoxazine 30 
Due to its inherent chiraIity, the tetrabenzoxazine 30 should be present as a 
racemate but none of the compounds were resolved. Rissanen has shown that the 
benzoxazines derived from resorcinarenes could form complexes with acetaldehyde 
and acetonitrile in a 1: I ratio in chloroform; these complexes were isolated as 
crystals and were studied using NMR spectroscopy.42 
The synthesis of benzoxazines using primary chiral amines were then 
investigated independently by Heaney,43 and B6hmer7 ,43 Heaney successfully 
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prepared a variety of benzoxazines 31 derived from Il-methylbenzylamine using 
different resorcinarenes (Scheme 1-25). All the benzoxazines were isolated as 
single diastereoisomers. 
o Me 0 Me ~ formaldehyde H0M)0H formaldehyde ~.' ~N (R)-methylbenzylamine I;;; (S)-methylbenzylamine ~NI o '<:: OH 4 HO '<:: 0 I . R1 I ;;; ;;; 4 4 R R 
31a R1: CH3, C11H23, CH2CH2Ph 31b 
Scheme 1-25: Synthesis of the benzoxazines 31 with chiral primary amines 
The chirality of these resorcinarenes is defined as follows. From the perspective of 
inside the macrocycle looking out, if the highest priority groups of the upper rim 
(i.e. in this case the benzoxazine moieties over the hydroxyl groups, following a 
modification of the Cahn-Ingold-Prelog rules) are on the right hand side of each 
resorcinol unit, the resorcinarene is assigned as being as. If they are on the left hand 
side, it is assigned aR (Figure 1-7). A second possible element of chirality comes 
from the enantiomerically pure Il-methylbenzylamine. A third possible element of 
chirality involves the inter-ring methine group. 
r-\ r-\ 
Anti-clockwise rI1 (') Clockwise 
yJ ~."" 
N· N 
lower priority ~.I . Higher priority ~Iower priority 
group HO 0 group 0 OH group 
I"" I"" 
.& .& 
R 4 R 4 
as with (S)-methylbenzylamine 
as,S 
aR wtth (S)-methylbenzylamine 
aR,S 
Figure 1-7: Chirality 
Bohmer synthesised benzoxazines 31 and also used other chiral amines. In most 
cases, the outcome was a mixture of diastereoisomers. As previously observed, the 
formation of only one regioisomer can be explained by stabilisation, due to the 
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presence of a greater degree of intramolecular hydrogen bonding compared to the 
other isomers. Semi-empirical calculations on a range of benzoxazines later 
confirmed the results observed44 Although the diastereoisomer obtained was stable 
under the reaction conditions used for the synthesis, the observation was made that 
in CDCh, the benzoxazine underwent slow diastereoisomerisation (Scheme 1-26). 
The diastereoisomerisation occurred at an increased rate using trifluoroacetic acid. 
OyMe C\Me OyMe 
Ni +H® 
NEf) (N ~ 
-H® 
0 0 
I 
4 4 
32 
Scheme 1-26: Diastereoisomerisation of the benzoxazine 31 
The loss of axial chirality presumably involves the intermediate iminium ion 32, 
generated following protonation, which can then close to give a mixture of the two 
diastereoisomers. Later, Bohmer reported that the diastereoselectivity observed 
depended strongly on the chiral amine used, not on the presence of acid. 45 
The Mannich reaction was also attempted by Mattay using chiral a-
aminoalcohols and tetramethyl-resorcinarene 9 (Scheme 1-27), which gave in all 
cases good yields of the corresponding tetraoxazolidines 33 (78_86%)46 
HO~OH 
Ih 
4 Me 
9 
+ 
paraformaldehyde 
KOHcat 
ethanol 
Scheme 1-27: Use of chiral a-aminoalcohols 
2 ~ ~>--(R1 
:~4 Me 
33 
The synthesis of aminoalcohol-derived resorcinarenes was later studied in more 
detail using different resorcinarenes as well as several aminoalcohols47 Depending 
upon the length of the alkyl chain between the amino and alcohol moieties and the 
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substitution pattern on the a position, the reaction yielded a tetrabenzoxazine 34, a 
tetraoxazine 35 or a tetraoxazolidine 36. 
OH 
I (CH2)n 
I ~N H2N(CH2)nOH, n=2,4,6 'I paraformaldehyde HO "" 0 1.6-
R 
34 
HO;yyO~. ~ 
35 
R paraformaldehyde 
H2N(CH2)nOH, n=3 
paraformaldehyde 
Scheme 1-28: The Mannich reaction with aminoalcohols 
36 
In the case of a linear aminoalcohol with n = 2, 4 or 6, and in presence of 
paraformaldehyde, the product was the tetrabenzoxazine 34. Using 2-hydroxy,2-
methylethylamine and paraformaldehyde, the Mannich reaction yielded the 
corresponding tetrabenzoxazine, showing that p-substitution was not favouring the 
tetraoxazolidine. In the case of a linear aminoalcohol with n = 3 and in the presence 
of paraformaldehyde, the product obtained was the tetraoxazine 35 due to a 
favoured six-membered ring product. Finally, using a-substituted ethylamines and, 
paraformaldehyde invariably led to the formation of the tetraoxazolidines 36. 
While the tetraderivatisation using the Mannich reaction with an excess of 
amine and formaldehyde (or paraformaldehyde) has been widely described, few 
examples of the partial amino methylation have been reported. Rissanen has used 
diisopropyl amine, formaldehyde and the tetramethyl-resorcinarene 9 (in the ratio 
3:6:1) in ethanol and obtained (Scheme 1-29), as well as the tetraamine 37a, the 
trisubstituted product 37b48 Using an excess of diisopropylamine and formaldehyde 
(in the ratio 8:16:1) only the tetraamine 37a was obtained. With cyclohexylamine 
(in the ratio 3:6:1), an inseparable mixture of the partially amino methylated 
23 
products was obtained, as indicated by NMR spectroscopy, whereas with 
dibenzylamine only the tetraamine was obtained. 
10 Hm 
R 
ratio 1 
+ (i-PrlzNH + CH20 
ethanol 
3 6 
HO 
~N(i-prlz HO "" OH 10 4 R 
37a 
(i-PrlzN 
N(i-Prlz 
41% of 37b 
Scheme 1-29: Synthesis of the triamine 37b 
N(i-Prlz 
The amine 37b was then subsequently aminoalkylated with diethylamine and 
formaldehyde and gave an 82% yield of the mixed derivative (Scheme 1-30). 
(i-PrlzN 
37a 
ethanol 
82% 
Scheme 1-30: Synthesis of the tetraamine 38 
N(i-Prlz 
38 
The Mannich reactions of diamines with long alkyl chains under high 
dilution conditions yielded the bridged tetrabenzoxazines 39 (Scheme 1-31), the 
structures of which were confirmed by X-ray crystallography.49 
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H~O"" OH I . 
.& 
4 
Cs 11 
H2NCH2RCH2NH2 
CH20 excess 
catalytic CH3COOH 
ethanol 
2 
39a R CH20(CH2}zOCH2 57% 
39b R CH20(CH2)40CH2 29% 
3ge R CH20(CH2}zO(CH2}zOCH2 9% 
39d R (CH2)s 7% 
Scheme 1-31: Synthesis of the bridged tetrabenzoxazines 39 
The same reaction with tetramethylene diamine and m-xylylene diamine did not 
yield any related bridged compound probably due to the rigidity of the chain. Once 
again, the reaction was highly regioselective and yielded only one isomer, the one 
with C2 symmetry as established by X-ray crystallography. 
Interest has been focused subsequently on the synthesis of other bridged 
resorcinarenes, where the bridge is between two distal resorcinol units. The 
common precursor of the distally-bridged resorcinarenes was the C2v-symmetrical 
resorcinarene 40 (Scheme 1_32).50 
H0;-(Y0~. ~ 
Me 
30% 
Scheme 1-32: Tetratosylated resorcinarene 40 
When tetrahydrofuran was used as a solvent instead of acetonitrile, the selectivity 
strongly decreased and the experiment yielded a complex mixture of partially 
acylated compounds. Shivanyuk prepared a variety of benzoxazines from 
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tetratosylates similar to 40 with different monoamines. 51 The bis-benzoxazines 41 
were isolated as racemates in good yields (65-74%), and in the case of (R)-
cyclohexylethylamine, as a pair of diastereoisomers (Scheme 1-33). 
65-74% 
41 
Rl: methyl R2: methyl, ethyl, propyl, isopropyl, butyi, ter-butyl, hexyl 
Rl: n-pentyl R2: ethyl, isopropyl, (R)-cyclohexylethylamine 
Scheme 1-33: Bis-benzoxazines derived from the tetratosylates (only one 
diastereoisomer is shown) 
Diamines were then studied, and, whereas with the non-tosylated resorcinarenes 
proximally bridged resorcinarenes were obtained, using the tetratosylated derivative 
40, the distally-bridged resorcinarenes 42-44 were produced (Figure 1-8). 
TsO OTs TsO 
. l OTs 
Me Me Me Me 
4217-53% 4362-89% 
R: (CH2hO(CH2hO(CH2hO(CH2h 
R: (CH2hO(CH2l40(CH2h 
R: H, methyl 
R: m-xylyl 
TsO OTs 
Me Me 
4479% 
Figure 1-8: Benzoxazines obtained with diamines 
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Under high dilution conditions the tetratosylated resorcmarenes yielded the C2 
symmetric benzoxazines as seen with the compounds 41 and 42. Interestingly, the 
resorcinarenes 43 were obtained as the Cs symmetric regioisomer (as shown by the 
IH NMR data) as the length of the carbon chain of the diamine was not sufficient to 
bridge the distal phenolic hydroxyl positions. However, the difference of energy 
between the two regioisomers C2 and Cs is not that evident as trace amount, less 
than 5%, of the Cs symmetric form was observed with the resorcinarenes 42 and 41. 
Hunter later reported the synthesis of a non-racemIC distally-bridged 
resorcinarene. The synthesis of diamine 4S was achieved in 2 steps from dimethyl 
glutarate and (R)-(+)-a-methylbenzylamine in 50% yield (Scheme 1_34).52 
MeO~OMe 
o 0 
1- (R)-a.-methylbenzylamine 
2- LiAIH4 THF heat 
50% 
H H 
PhyN~NyPh 
Me Me 
45 
Scheme 1-34: Synthesis of the diamine 4S 
When a mixture of the tetratosylated resorcinarene 40 and the diamine 45 was 
heated under reflux in ethanol in the presence of aqueous formaldehyde and 
catalytic acetic acid, the only product obtained was a resorcinarene with protected 
ethoxymethyl groups. To prevent ethanol or any other solvent acting as a 
nucleophile, reactions were therefore conducted in acetonitrile in a sealed tube to 
afford the bridged resorcinarenes 46. 
45, (CH20)n 
____ TsO \ 
MeCN 
sealed tube 
30 min 
R: methyl 
R: n-pentyl 
. R: n-undecyl 
58-61% 
75% 
56-67% 
R R R 
46 
Scheme 1-35: Synthesis of a chiral non-racemic bridged resorcinarenes 
OTs 
The distal bridging was confirmed usmg NMR spectroscopy. The isolated 
resorcinarene 46 (with R: methyl) was tested as a chiral ligand in the diethylzinc 
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addition to benzaldehyde, and a moderate enantiomeric excess was obtained (27% 
ee., further studies showed a 12% ee. 53). In an attempt to synthesise a better ligand, 
Hunter prepared two diamines functionalised at position 3 (Scheme 1-36): with a 
dioxane (47 in 35% yield) or a dimethoxy acetal (48 in 35% yield)53 
8 steps Me X Me 
, 0 0 = 
35% overall Ph/"-..N~N""":""Ph 
11 steps 
28% overall 
H H 
47 
Scheme 1-36: Synthesis of diamines functionalised in position 3 
The previous reaction conditions were then optimised to afford the desired 
functionalised bridged resorcinarenes (Figure 1-9). 
Me X ~e 
, _ 0"-,,,0 ~ , 
Ph~N/ ~ '0 "N~Ph 
Me MeO OMe ~e PhAN~N~Ph 
HO OH 
49 . 50 
'.'-:: .. 
Figure 1-9: Functionalised bridged resorcinarenes 
The two target resorcinarenes were synthesised in good yield from the tetratosylate 
40: 47% for the resorcinarene 49 and 57% for the resorcinarene 50. The trial 
reactions using the addition of diethylzinc to benzaldehyde yielded (R)-I-
phenylpropanol using the resorcinarene 49 (85% yield, 34% ee.) and (S)-I-
phenylpropanol using the resorcinarene 50 (85% yield, 51 % ee.). The improvement 
of the enantiomeric excess (verslis 12% for the non-functionalised bridged 
resorcinarene) pointed towards an intracavity catalysis (or extracavity when the 
other enantiomer was obtained) and the involvement of the acetal as the 
coordination site for the zinc. 
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The Mannich reaction has been used to prepare tetrabenzoxazine dendrimers 
from highly derivatised primary amines 51 (Figure 1_10).54 The dendrimers derived 
from resorcinarenes had been previously reported and are discussed below. 55 
Sia 
9 999 on° on° 
1"(_ ~f 
on° 
Il .. NH2 
~ p 
on° 
Il .. NH2 
Sib 
Sic 
Figure 1-10: Amines used for the convergent synthesis of resorcin are ne dendrimers 
The benzoxazine formation was regioselective and yielded the C4 symmetrical 
tetrabenzoxazine dendrimers 52 (Figure 1-11) in moderate to high yields (36-91 %) 
using a large excess of aqueous formaldehyde in ethanol and a ratio of 1:8 of the 
resorcinarene to the amine. 
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rO 
;&p 9 ~ o O~ p.~jJ 
H~oN6 0 :,.. 0 '" 
1.6-
HO "" 0 
Ih 
4 
R 
52a R: methyl 
52b R: n-pentyl 
52c R: n-undecyl 
60% 
81% 
81% 
r9 o f"). ~o or .! 
'( yO 
. yO 
4 
R 
53a R: methyl 
53b R: n-pentyl 
53c R: n-undecyl 
:Jr - a{jcr-() 
~0r-Q· ~---o H~, ~'-Q~ 
R .o~ 
54a R: methyl 54% V 
54b R: n-undecyl 91 % 
41% 
36% 
54% 
Figure 1-11: Synthesis of the tetrabenzoxazine dendrimers 
The isolation of the dendrimers 52, 53 and 54 was achieved by column 
chromatography and showed that very bulky amines could be successfully used to 
prepare tetrabenzoxazines. The purity of the dendrimers was proven using ESI -TOF 
mass spectrometric experiments. 
The tetrabenzoxazines derived from resorcmarenes were further 
functionalised by Woodgate:56 Tertiary amines were obtained from benzoxazines by 
aminoalkylation (Scheme 1-37). 
30 
~OH 
~ 
69% 
55 56 
Scheme 1-37: Aminoalkylation ofbenzoxazines 
HO~OH 10 
4 
M 
9 
Interestingly, the aminoalkylation of the tetrabenzoxazine 55 by 2-naphthol and the 
aminoalkylation of the naphthoxazine 57 by the resorcinarene 9 yielded the same 
compound 56. This result might allow the preparation of the carcerand 58 (Figure 
1-12) by' reacting the tetrabenzoxazine 55 with the resorcinarene 9, thus saving 
several steps in a multi step sequence. 
Me Me Me 
HO OH 
HO OH 
Me Me Me 
58 
Figure 1-12: Carcerand 58 
Only partial evidence was presented for the structure of the carcerand 58 and no 
spectroscopic data were presented. The poor solubility of the substance obtained 
and the loss of the starting material were advanced to indicate the presence of the 
target compound. 
F or several years, the Loughborough group has been interested in the 
synthesis of axially chiral resorcinarene derivatives. Chiral amines were used to 
prepare diastereoisomerically pure resorcinarenes (Scheme 1-25) in ethanol.43 
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However, slow diastereoisomerisation was observed in solution. Further work 
allowed the synthesis of enantiomerically pure resorcinarenes. 57 The chiral bis-
(aminol) ether 59 derived from (R)-(+)-a-methylbenzylamine was used as an 
iminium ion precursor to give the best yield (77%) in the preparation of the 
diastereoisomerically pure benzoxazine 60a (Scheme 1-38). 
6(59 Me 0 Me I "'" N~OMe ~ 
.4 ~OMe ( 
o 
ethanol, reflux 
77% 
60a 
Scheme 1-38: Synthesis of axially chiral benzoxazine 
A variety of diastereoisomerically pure benzoxazines were prepared using this 
pathway. Many attempts to functionalise the remaining phenolic hydroxyl groups 
were unsuccessful. However, deprotonation using n-butylIithium was achieved at 
low temperature in tetrahydrofuran and trapping of the tetraanion using methyl 
triflate gave the tetramethoxyether in high yield (84%, Scheme 1-39). 
OyMe ~.'Me OyMe ~.'Me 
I ~ . I ~ 2-.MeOTf . I ~ I ~ ~N ~NI 1-n-8uLi,THF ~N ~NI o .'" OH or HO '" O. -78°C 0 '" OMe or MeO '" 0 4 4 4 4 Cl1 H23 C
"
H23 C
"
H23 C11H23 
60a 60b 61a 61b 
Scheme 1-39: Methylation of the tetrabenzoxazines 60 
The resorcinarenes 61a and 61b are diastereoisomers, but unlike the parent 
resorcinarenes 60, no diastereoisomerisation can occur. The resorcinarenes 61a and 
61b were separated using column chromatography, which allowed the group to 
synthesise enantiomerically pure resorcinarenes (Scheme 1-40). 
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OyMe OyMe 
~N 97% formic acid N heat Me~ H2, Pd(OHh o '" OMe HO '" OMe 1 65% 1 75% ,& ,& 4 4 Cll H23 Cll H23 
61a 62a 
formaldehyde 
87% 
97% formic acid 
heat 
97% 
Me 
I HN HO~OMe 
1,& 
4 
Cll H23 63a 
Scheme 1-40: The first synthesis of enantiomerically pure resorcinarenes 
Using the resorcinarene 6la, a modified Eschweiler-Clarke procedure followed by 
hydrogenolysis gave the amine 63a. The aminomethylation of 63a afforded the 
benzoxazine 64a, and finally a second modified Eschweiler-Clarke procedure 
yielded the tetraamine 65a as a single enantiomer. Another axially chiral 
resorcinarene 66 was synthesised using the retro-Mannich reaction in morpholine. 58 
OMe 
67 
morpholine 
heat 48 h 
73% 
morpholine 
heat 48 h 
74% 
66a 
66b 
Scheme 1-41: The retro-Mannich reaction, synthesis of axially chiral resorcinarenes 
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The resorcinarene 66a was isolated as only one enantiomer (starting from 
the diastereoisomerically pure benzoxazine), and a retro-Mannich reaction on the 
racemic tetrabenzoxazine 67 yielded the racemate 66b. Rissanen has acylated the 
tetraamino resorcinarenes by displacing the amino moiety (Scheme 1_42).59 
Et2N R20CO 
(R2CO}zO R20CO 
reflux 
4 4 
68 
Rl: methyl, ethyl, n-pentyl, undecyl 
Yields: 19-57% 
R2: methyl, ethyl 
AeO 
68a 
HBr 
AeOH 
15% 
Scheme 1-42: Acylation ofMannich adduct 
69 
The acylated resorcinarenes 68 were obtained in moderate yields (19-57%) from the 
tetraamino resorcinarene when heated under reflux in the appropriate acid 
anhydride. The subsequent transformation of 68a has yielded the 
tetrabromomethylated resorcinarene 69 which could be used for further 
transformations. 
2.2.2 Other junctionalisations of the ortho-position 
Two general approaches are possible to synthesise resorcinarenes with a 
functional group between the two phenolic hydroxyl groups. The first pathway is 
the derivatisation of the position between the two phenolic hydroxyl groups of a 
resorcinarene previously synthesised (as seen in the numerous examples treating the 
Mannich reaction). The second one is to use a resorcinol functionalised at position 
2. For example, Konishi used 2-alkyl-resorcinols (Scheme 1-3) and 2-bromo-
resorcinol (Scheme 1-15) to synthesise such resorcinarenes6 ,6o 
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2.2.2.1 Functionalisation of resorcinarenes in the ortho-position 
Konishi developed the synthesis of thiomethylated resorcinarenes (Scheme 
1_43)61 The resorcinarenes 70 were isolated in moderate to good yields from a 
mixture of ethanol and chloroform (I: 1 ratio) in presence of triethylamine, 
formaldehyde, and a thiol. 
HO MOH I~ 
4 
M 
9 
Formaldehyde 
RSH, Et3N 
ethanol, chlorofonn 
R: 2-naphthyl 40% 
R: phenyl 70% 
R: ter-butyl 42% 
RS 
70 
Scheme 1-43: Thiomethylation of resorcin are ne 9 
4 
The resorcinarenes 70 were also obtained using acetic acid as the solvent in similar 
yields. The products showed two types of hydrogen bonding, OH···S and OH···O, 
around the upper-rim, although only one phenolic proton was observed in the lH 
NMR spectra, showing a C4v conformation. 
Kazakova prepared water soluble resorcinarenes;62 for example the 
tetrasulfonates 71 were prepared in water in moderate yields (Scheme 1-44). 
HO~OH I~ 
4 
R 
Formaldehyde 
Na2S03 
water 
R: methyl 53% 
R: nonyl 77% 
R: -1-( )--OC12H25 50% 
71 
Scheme 1-44: Synthesis of water-soluble resorcinarenes 
The resorcinarenes 71 precipitated from the reaction mixture upon the addition of 
acetone and were successfully shown to form complexes with several amino-acids. 
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The alkoxymethylation was also shown to happen only under specific 
conditions. Rissanen was attempting to prepare the tetrabenzoxazine 72 or the 
tetraoxazolidine 73 with tris-hydroxymethylmethylamine (TRIS),59 and finally 
obtained the tetraalkoxymethylated resorcinarenes 74 (Scheme 1-45). 
HO HO~OH 
Ni 
o 72 
4 
or 
73 
4 
42-69% 74 
R1: methyl. ethyl. pentyl. undecyl 
R2: methyl. ethyl. i-propyl 
Scheme 1-45: AIkoxymethylation ofresorcinarenes 
Surprisingly, the amine TRIS did not yield the expected product, although no 
Mannich reaction adduct was obtained with resorcinol or phenol and TRIS (only 
formaldehyde polymers of resorcinol or phenol). Without TRIS, no 
alkoxymethylated product was observed. The nucleophilic substitution of the amino 
residue was advanced as an explanation, while a Mannich reaction was proposed as 
the first step towards the product. The alkylation and the acylation of the phenolic 
hydroxyl groups were achieved subsequently. 
Ortho-lithiation has also been used to introduce functionality. The 
tetraiodoresorcinarenes 76 were prepared by Cram during his extensive research on 
cavitands (Scheme 1_46)63 
36 
40% 
75 76 
Scheme 1-46: Synthesis ofthe tetraiodoresorcinarene 76 via ortho-lithiation 
From the previously prepared methylene-bridged resorcinarene 75, the tetraiodo-
resorcinarene 76 was obtained in 40% yield and was shown to host a molecule of 
toluene in the centre of its cavity. 
Gutierrez-Tunstad prepared the hexacarboxylic acid bis-resorcinarenes 79 
from the methylene-bridged resorcinarene 77 (Scheme 1_47)64 
77 
1- SuLi, THF 
2- I(CH2)nl 
-78·C to rt 
-78·C to O·C 
Hooe 
2-C02 
3-1 N HCI 
COOH 
eooH 
78. n= 4 35% 
78b n= 5 32% 
78c n= 6 30% 
COOH 
r.0 : 1 0 -:\ 
o "eSHl1 esHl~ 0 
n (I ~ (I ~ eOOH 
79. n= 4 97% 
79b n= 5 95% 
79c n= 6 97% 
Scheme 1-47: Synthesis of the hexacarboxylic acid bis-resorcinarenes 79 
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The bis-resorcinarenes 78 were prepared by mono-ortho-lithiation of 77 followed 
by alkylation with diiodo-butane, -pentane and -hexane in relatively low yields (30-
35%). The hexacarboxylic acids 79 were prepared by ortho-lithiation of the 
remaining six positions followed by trapping with carbon dioxide and acidification 
with hydrochloric acid. Preliminary results showed the self-assembly of the bis-
resorcinarene 79 as a capsule with three molecules of 2-amino-pyridine forming 
twelve intermolecular hydrogen bonds. 
The introduction of halogens in between the two phenolic hydroxyl groups 
was also achieved by Cram from the resorcinarene 963 The tetrabromoresorcinarene 
80 was successfully prepared using N-bromosuccinimide in butanone (Scheme 1-
48). 
HO~OH I"", 
4 
M 
9 
2-butanone 
NBS 
80% 
Br 
HO~OH I"", 
4 
M 
80 
Scheme 1-48: Tetrabromination of the resorcinarene 9 
Cram synthesised numerous carceplexes from resorcinarenes similar to 8065 The 
tetrabromoresorcinarenes 81 were required for the synthesis of the methylene-
bridged cavitands 82 as shown in Scheme 1-49. The cavitands 82 were lithiated 
using n-butyllithium followed by the addition of methy1chloroformate; the 
tetraesters obtained were then reduced using lithium aluminium hydride to yield the 
tetrols 83. The treatment with N-chlorosuccinimide yielded the resorcinarenes 84. 
Finally, the tetrathiols 85 were obtained by a thio-urea treatment followed by a basic 
hydrolysis. 
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Br 
HO~OH 10 
4 
R 
81a R CH2CH2Ph 
81b R pentyJ 
NCS, PPha 
Br 
o 
4 
R 
82a R CH2CH2Ph 53% 
82b R pentyJ 56% 
4 
R 
84a R CH2CH2Ph 72% 
84b R pentyl 65% 
1- thiourea 
2- base 
1- n-BuLi, 
CJC02Me 
2- LiAIH4 
4 
R 
83a R CH2CH2Ph 70% 
83b R pentyJ 72% 
4 
85a R CH2CH2Ph 80% 
85b R pentyJ 60% 
Scheme 1-49: Synthesis of the tetrathiols 85 
The tetrachlorides 84 and the tetrathiols 85 were treated together with a base 
(potassium carbonate, caesium carbonate, rubidium carbonate) in different mixtures 
of solvents, usually benzene and the guest, to yield a wide range of carceplexes 
(Figure 1-13). 
R CH2CH2Ph, 
G CH30HoHOCH3 
CH3CNoNCCH3 
CH3CN 
R n-pentyJ 
G CH3CH20H (CH3hNCHO 
CH3COCH2CH3 
CH3CH2COCH2CH3 
Figure 1-13: Synthesis of carceplexes 
No carcerand was ever isolated, only the corresponding carceplexes were. To 
explain that the guest was the polar solvent, the mechanism of the closure was 
thought to go through a sulfide ion which could only be solvated by the more polar 
solvent, thus trapping it in the shell. 
Sherbum introduced distal functionality in cavitands using the resorcinarene 
82b as starting material (Scheme 1_50)66 
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82b 
1- 2.1 eq. n-BuLi 
2- (i) 
(i) MeOH R: H 65% 
(i) B(OMeh R: OH 58% 
(i) 12 R: 1 63% 
(i) Me2NCHO R: CHO 71% 
(i) CIC02Me" R: C02Me 68% (i) CICOPh R: COPh 30% 
86 
Scheme 1-50: Synthesis of the distal-functionalised cavitands 86 
A distal dilithiated species was prepared by the addition of n-butyllithium, and the 
trapping of the di-anion was achieved with a range of electrophilic reagents to 
synthesise the distal-difunctionalised resorcinarenes 86 in 30-71% yield. Using a 
similar one-pot procedure, the tetrabromoresorcinarene 82b was converted into the 
dimethyldihydroxyresorcinarene 87 in 46% yield (Scheme 1-51). 
82b 
1- n-BuLi 
2- Mel 
3- n-BuLi 
4- B(OMeh 
5- H20 2• NaOH 
46% 87 
Scheme 1-51: Synthesis of the dimethyl-dihydroxy-resorcinarene 87 
Chen and Kobuke prepared the tetracyanoresorcinarenes 91 (Scheme 1-52) 
from the corresponding tetrabromoresorcinarenes synthesised as described 
above. 67,68 
40 
Br HM; Ih-
4 
R 
88a R: tridecyl 
88b R: ethyl 
Br 
Mel, K2C03 M'~' CuCN 
acetone Ih- DMF, reflux 
4 
R 
89a R: tridecyl 91% 
89b R: ethyl 48% 
Lil 
2,4,6-collidine 
pyridine 
reflux 
CN 
H~4 
R 
91a R: tridecyl 49% 
91 b R: ethyl 49% 
CN 
M'~' Ih-
4 
R 
90a R: tridecyl 54% 
90b R: ethyl 38% 
Scheme 1-52: Synthesis oftetracyanoresorcinarenes 91 
The first step was the protection of the eight phenolic hydroxyl groups with methyl 
iodide and potassium carbonate in acetone to yield the octamethoxyresorcinarenes 
89, followed by the cyanation with copper cyanide to prepare the protected 
tetracyanoresorcinarenes 90 and finally the removal of the protection with lithium 
iodide in a collidine-pyridine mixture to yield the target resorcinarenes 91. The 
properties of a dimer of resorcinarene 91a as a single ion channel were investigated 
using a planar bilayer method. The tail-to-tail dimer was shown to have a non-linear 
behaviour related to the pH in the conductivity of potassium cation due to a change 
in the geometry of the upper part of one of the resorcinarene units. 67 The 
interactions of the resorcinarene 9tb with acetylcholine were also investigated by 
. -68' . 
varying the pH. -
The tetraiodoresorcinarene 92, similar to the resorcinarene 76 prepared by 
Cram,63 was further functionalised using palladium chemistry by Kobayashi. 69 
41 
N CN 
I " 
NC-Q-B:of 
~ 
11 
93 0 0 
==-CN (i),89% 
4 
(ii),72% 95 C7 13 
4 4 
92 NJ-B~f 
94 
(i),92% 
(i) PdCI2(PPh3b. CS2C03, 1,4-dioxane, H20, AsPh3 , 110 ·C, 30 h 
(ii) PdCI2(PPh3b Cui, PPh3, THF, i-Pr2NH, 50 ·C, 72 h 
Scheme 1-53: Sonogashira and Suzuki coupling 
N 
I " ~ 
The .Suzuki coupling of the resorcinarene 92 with boranes (93 and 94) yielded the 
tetrabenzonitrile 95 (89%) and the tetrapyridine 96 (92%). The Sonogashira 
coupling of the resorcinarene 92 with 4-ethynylpyridine gave the tetrapyridine 97 in 
72% yield. Palladium (Il) was then used to prepare the metal coordinated cages with 
two resorcinarenes units. The homo-cavitand cages, such as 98 
(2(95)'4[Pd(dppp)],80Tf) and 99 (2(96)'4[Pd(dppp)],80Tf), were prepared in 
CDCh by the addition ofPd(dppp)(OTf)2 (Figure 1-14). 
-r ~RARR STfO' RR 1'1~1'" ~ O --; ~_o 9 ~ 9, q 
,N ,N N. N. 
L2Pd L2Pd.. 'pdL2 PdL2 
, N N ' ~\ 1 N b I: Q 
0'f'0-;- '< ~@7 '0 
"" ... V Y 
R R R R R 
98 99 
Ph2P~ 
R: C7H'3 Lz: J 
Ph2P 
---,a+ 
1 8TfO' 
Figure 1-14: Homo-cavitand cages self assembled with Pd(II) 
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The formation ofthese cages was instantaneous in CDCh. The hetero-cavitand cage 
100 (95-97-4[Pd(dppp)],80Tf) was also reported (Figure 1-15). 
--,8+ 
R RR I sno' 
R R R 
100 R: C7H'3 L2: dppp 
Figure 1-15: Hetero-cavitand cage 
Whereas no hetero-cavitand was observed for mixtures of the resorcinarenes 95 and 
96 (two corresponding homo-cavitands were observed), or of the resorcinarenes 97 
and 96 (a complex mixture was obtained), a solution of 95, 97 and Pd(dppp)(OTf)3 
in a ratio of 1: 1:4 was exclusively self-assembled as the cage structure 100. 
2.2.2.2 Synthesis of2-substituted resorcinarenes from 2-subsituted resorcinols 
Apart from· the examples reported above, little has been published on the 
topic. Cram attempted to synthesise resorcinarenes from 2-methyl-resorcinol, 2-
bromo-resorcinol, 2-nitro-resorcinol and 2,6-dihydroxybenzoic acid with little 
success using acid catalysis (Scheme 1-54)$ 
ethanol, water 
R': Me R2: Me 79% 
R': Me R2: i-Pr 80% 
R' 
HOp;"". OH 1.0-
4 
101 R 
R': C02H R2; Me other products 
R'; Br R2; Me other products 
R'; N02 R2; Me other products 
Scheme 1-54: Acid catalysed synthesis of2-substituted resorcinarenes 101 
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However, the formation of formaldehyde-derived resorcinarenes using 2-
subsituted resorcinol derivatives such as 2,6-dihydroxybenzoic acid was recently 
reported using basic catalysis in 50% yield 9 Only 2-methyl-resorcinol yielded the 
desired compound with aliphatic aldehydes using acid catalysis. Previously, Cram 
had obtained the tetrabromoresorcinarene 80 from the parent 
octahydroxyresorcinarene using N-bromosuccinimide.63 
Weinelt and Schneider prepared resorcinarenes from pyrogallol 102 and 
acetaldehyde using acid catalysis. IS The resorcinarenes derived from pyrogallol 
were named pyrogallarenes by analogy (Scheme 1_55)70 
OH 
HO~OH 
lJ 
102 
OH 
MeCHO, aq. HCI HO~~ OH 
ethanol, water 0 4 
M 
64% 103 
Scheme 1-55: Synthesis ofpyrogallarene 103 
After one hour of reaction, the thermodynamic conformer rccc (62%) and kinetic 
conformer rctt (32%) were identified and the ratio was determined by I H NMR 
spectroscopy. Dalcanale obtained exclusively the rccc conformer of the 
resorcmarene 103 using pyrogallol 102 and diethoxyethane in ethanol (room 
temperature for forty-eight hours followed by six hours under reflux) in 72% 
yield71 
Mattay studied the outcome of the same condensation reaction when 
changing the temperature (Scheme 1_56)72 The first experiment was conducted at 
reflux in ethanol and the second one at room temperature, both yielding exclusively 
. the rccc conformer, in 56% and 25% yields respectively. 
OH 
HO~OH 
lJ 
102 
isovaleraldehyde 
aq.HCI 
ethanol 
refiux or rt 
104 
Scheme 1-56: Synthesis of pyrogallarene 104 
4 
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However, the crystallisation of both products led to different structures, as 
established by X-ray crystallography. The product from the first experiment 
crystallised in a layer structure with hydrogen bonding forming between the upper 
parts of two pyrogallarenes 104 and lipophilic interaction occurring between the 
alkyl chains. The product of the second experiment crystallised as a fragile 
octahedron with six molecules of pyrogallarene 104 self-assembling around ten 
molecules of acetonitrile forming seventy-two hydrogen bonds. Tanaka has studied 
the self-assembly of pyrogallarenes with long alkyl chains (CI7H35) in water73 
Stable spherical and ellipsoidal vesicles were formed with a bilayer of pyrogallarene 
(upper-rim facing outside and inside the vesicle, the alkyl chains facing each other), 
typical of amphiphiles. Atwood has obtained various hexameric capsules in solution 
as well as in the solid state with methanol as a guest74 Rebek has prepared self-
assembled capsules from hydrogen-bonded dimers of pyrogallarenes in aqueous 
acetonitrile and alcohols, with inclusion of tetramethylammonium, 
tetramethylphosphonium, quinuclidinium and tropylium cations observable using 
NMR spectroscopy.75 
The derivatisation of pyrogal\arenes yielded mainly liquid crystals. 
Dalcanale synthesised dodeca-acylated pyrogallarenes 105 using the corresponding 
acyl chlorides (Scheme 1_57)71 
HP;: OH 10 
-- . '. 4 
M 
103 
RCOCI 
140 'C. 10 h 
44-58% 
OCOR 
ROC»;O",,=... OCOR 10 
4 
M 
105 
R: C9H19• C11 H23• C12H25• C13H15 
C15H31 . C17H35• C21 H43 
CSH40C12H23 
Scheme 1-57: Preparation of liquid crystals derived from pyrogallarene 103 
Apart from the benzyloxy derivative (due to the steric hindrance of the phenyl 
group), the resorcinarenes 105 exhibited columnar liquid crystal like properties. 
Their thermal properties were studied, and the resorcinarenes 105 were found to 
have a mesomorphic behaviour, with a longer mesophase as the alkyl chain R 
became longer (more than eight hours at 65 'C with R: CI7H35). Dalcanale prepared 
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two deuterated pyrogallarenes to study the molecular alignment in the liquid crystal 
(Scheme 1_58)76 
OH OH OCOR D3CCD(OEth 
H0'00H HCI H~ RCOCI ROC~OR I~ I  . I EtOH 140 'C 2 h ~ 
•. 4 • .. 4 
D3C D3C 
106 
R: C13H27 
33% overall 
OD 
H3CCH(OEth 
OD OCOR 00*00 DCI DOIX; RCOCI =?X;"" I~ , I 
D ~ D EtOD 140'C 2h ~ 4 • 4 
D D Me D Me 
107 
R: C13H27 
30% overall 
Scheme 1-58: Synthesis of deuterated pyrogallarenes 106 and 107 
Simulations versus experiments showed that the conformation adopted in the 
mesophase was of a flattened cone and that the axis of the columnar liquid crystal 
was following a transversal alignment. The acylation of pyrogallarenes produced a 
different outcome: monolayer liquid crystals were formed. Paschke prepared 
different acylated pyrogallarenes derived from 103 (Scheme 1-59).77 
OH OCOR 
"Mr' CO "00 ROC??;:R 
103 108 
(i) RCOCI. Et3N, DMAP. Toluene 
(ii) RCOOH. carbodiimide. Et3N. DCM 
R: CH20C10H21 
R: CH20C12H25 
~S 
R: (H2C)40~~, irC11 H23 
N-N 
R: (H2C)40 -{ ) C}-CsH17 
33% 
20% 
37% 
33% 
Scheme 1-59: Preparation of monolayer liquid crystals 108 
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The dodeca-acylated compounds 108 were obtained in reasonable yields (20-37%). 
However, the pyrogallarene with a propyl alkyl chain afforded the corresponding 
dodeca-acylated compounds in a poor yield (8%). Rissanen, however, successfully 
OTs OH 
1 . ' 1 ' RO ~ Ts0»tl
oTS TsCI, Et3N HMOOH RCI, Et3N 
o MeCN reflux 0 MeCN, reflux 
4' 4 HO 
C3 7 C3 7 111 60% 109 50% 
) 
A"20 
Pyr, rt 
45% 
OAc 
ACMOOAC 
10 
4 
C3 7 
110 
R: 
Scheme 1-60: Acylation ofpyrogallarene 109 
112 
The dodeca-acylated pyrogallarenes 110 and 111 were obtained in good yields (45 
and 60% respectively) using large excesses of acylating agent (eighteen 
equivalents), whereas complex and inseparable mixtures were obtained with a 
smaller quantity of reagent (four or eight equivalents). The acylation using 
mesitylenesulfonyl chloride yielded a different result: the octasubstituted 
pyrogalhireneii2 was obtained in 60% yield. Whereas the pyrogallarenes 110 and' 
111 only allowed the inclusion of a molecule of acetone between their alkyl 
substituents in the solid state, the pyrogallarene 112 formed a complex with two 
molecules oftetrahydrofuran in its cavity and one between its alkyl substituents. 
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2.3 Functionalisation of the phenolic hydroxyl groups 
Different research groups around the world have studied in detail the 
functionalisation of the phenolic hydroxyl groups of resorcinarenes. The main 
purpose was the preparation ofcavitands, carcerands and hemicarcerands for host-
guest chemistry and molecular recognition. Several reviews have been published oif' 
those subjects. For example, Rudkevich and Rebek reviewed the cavitand 
chemistry,78 while Warmuth and Yoon presented a review of the hemicarcerand 
chemistry.79 The phosphorus-derived cavitands has also been reviewed: Dalcanale 
studied the phosphate and phosphonate cavitands,80 while Nifantyev and 
Maslennikova presented different functionalisations of the same cavitands.81 Rebek 
has also reviewed self-assembled capsules based on resorcinarenes82 However, less 
rigid resorcinarenes were prepared by acylation or alkylation, and allowed a variety 
of compounds to be prepared, from dendrimers to transition metal complexes. ss,83 
2.3.1 SyntheSiS of non-rigid resorcinarenes 
2.3.1.1 Complete derivatisation of the phenolic hydroxyl groups 
Yamakawa reported the divergent synthesis of dendrimers from the 
resorcinarenes 113 and 114.ss Up to sixty-four end groups were introduced on 
resorcinarene 113 (Scheme 1-61) to synthesise the second-generation dendrimer 
117 with a molecular weight <:>L9345 in..1.9%. yield overall from the resorcinarene 
.... - . • ~ c· - - - .• ,. _. • 
113. 
48 
HO "" 
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RoMoR 
115 
OH 
1-115, K2C03 
l8-C-6 
32% 
~ ~ HO~ ~OH 
~:04 ""I o ~ 0 
HOyY. ~OH Y y . 
OH 116 OH 
RO~OR RO~OR le ~1 )) )) 
RO~O~ ~O~OR ~ 0 0 ~ 
OR ?2t: 4 OR 
OR "" 1 OR ~ O~O· ~ RO~OyY ~O~OR Y Y 
~O O~ 
ROJ:JlOR ROJ:JlOR 
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Scheme 1-61: Synthesis of the second generation dendrimer 117 
Similarly, up to forty-eight groups were introduced into the resorcinarene 114 to 
prepare the second-generation dendrimer 118 (molecular weight of 7171) in 52% 
yield overall (Figure 1-16). 
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Figure 1-16: Second generation dendrimer 118 
Puddephatt prepared an "octopus-like" metallated resorcinarene84 The 
introduction of the alkynyl moieties yielded the resorcinarenes 119 which could 
then be complexed to synthesise the alkynylgold compounds. The complexation of 
the resorcinarenes 119 with dicobalt hexacarbonyl yielded the metallated 
resorcinarenes 120 containing sixteen cobalt atoms (Scheme 1-62). 
acetone 
DCM (COb 0\fio 
t R2 R2 
Q9!?r (CO)3'Co(COb 
f\ 
Co(COb 
Scheme 1-62: Synthesis of "octopus-like" resorcinarenes 120 
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The resorcinarenes 119 and 120 were isolated in the solid state as flattened cones. 
Their conformation was probably due to the steric demand of the dicobalt 
substituents. 
Gibb has reported the synthesis of the large aromatic crown ethers 12385,86 
These aromatic crown ethers were not available by classical crown ether synthesis 
(usually involving templating with a metal ion) because of the size of the 
macro cyclic chain. Resorcinarene upper-rims were used as a template for the 
synthesis ofa large number of these compounds (Scheme 1-63). 
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benzaldehyde 
K2C03 
DMA, 60·C 
3 days 
65% 
Br 
o 
R 
121 
4 
R2 
HoAOH y 
R1 
K2C03,CUO 
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Scheme 1-63: Preparation of crown ethers using resorcinarenes as templates 
The bridging of a resorcinarene with 3,5-dibromobenzaldehyde yielded the 
corresponding cavitand 121 in 65% yield. The space between and the position of 
each aromatic unit on the upper-rim of the resorcinarene 121 allowed a highly 
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organised template for a multiple Ullmann ether reactions using resorcinol, 2-
methylresorcinol, 5-methyl-resorcinol and 3,5-dihydroxybenzyl alcohol to yield the 
resorcinarenes 122a, 122b, 122c (80-88%) and 122d (60%) respectively. Gibb 
reported the formation of complexes between a resorcinarene similar to 122 (RI: 
C02H, R2: H, R: (CH2)2C02H) and various steroids87 The macrocycles 123a-d 
were obtained by removal of the resorcinarene template using a Lewis acid (BBr3 or 
BCb/SOCh) followed by hydrolysis with dilute hydrochloric acid. The 
corresponding crown ethers were prepared in around 50% yield overall (over the 
three steps). The crown ethers 124 and 125 were synthesised in a similar fashion 
from 2,7-dihydroxy naphthalene and hydroquinone (Figure 1-17). 
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Figure 1-17: Crown ethers obtained by templation with a resorcinarene 
Templating using the resorcinarene 121 allowed the preparation of the crown ether 
124 in 41 % yield overall and the crown ether 125 in 18% yield overall (the multiple 
Ullmann reaction was somewhat less successful). Resorcin[nJarenes with n>4 are 
introduced above and could be possible templates for larger macrocycles using the 
same methodology. 12.27 
Habicher synthesised initiators for atom transfer radical polymerisation 
based on resorcinarenes by octa-acylation (Scheme 1_64)88 
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Scheme 1-64: Initiators of atom transfer radical polymerisation 
The slow addition of 2-bromo-isobutyryl bromide to a solution of resorcinarene in a 
mixture of pyridine and tetrahydrofuran gave the desired compounds in very good 
yields (82-86%). However, no report was made of their activity as initiators in the 
radical polymerisation. 
Nifantyev published the synthesis of several perphosphorylated 
resorcinarenes and their subsequent oxidation and complexation83 Only the 
derivatisation of the resorcinarene 9 is treated as an example, as the yields were 
similar when the lower-rim chains were different (Scheme 1-65). 
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Scheme 1-65: Synthesis ofphosphoresorcinarenes 
53 
The perphosphorylation of the resorcinarene 9 in dioxane yielded the 
phosphoresorcinarenes 127, 128 and 129 (in 63%, 73% and 68% yield respectively). 
The conformation adopted by these compounds was a flattened cone, as established 
by X-ray crystallography. Although trivalent phosphorus should undergo oxidation 
and metal complexation, it is probable that the steric hindrance generated by the 
bulky tertiary butyl group on the nitrogen atoms in the resorcinarene 127 prevented 
any further derivatisation. Temperature increase just afforded degradation products. 
However, the sulfurisation of the less hindered diamidophosphite 128 (at room 
temperature) and of the phosphite 129 (at 80 'C), and the oxidation of the phosphite 
129, gave the octathiophosphates (130, 131a) and the octaphosphate 131b. The 
structural analogy between the trivalent phosphorus precursors and the pentavalent 
phosphorus products was suggested by a strong similarity in the IH NMR and l3C 
NMR spectra of the resorcinarenes 128 and 130, and of 129 and 131a-b. The 
complexation of phospho(III)resorcinarenes with molybdenum hexacarbonyl and 
(I,S-cyc1ooctadienyl)palladium dichloride was also reported, and, as expected, the 
compounds behaved like octadendate ligands (Figure 1-18). 
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Figure 1-18: Complexation with transition metals 
The complex 134 was obtained as a mixture of diastereoisomers in 7S% yield by the 
addition of its parent resorcinarene to a solution of molybdenum hexacarbonyl in 
dioxane. New signals in the 31p NMR spectrum and an absence of the starting 
material peaks, coupled with elemental analysis indicated the presence of eight 
pentacarbonyl molybdenum groups. The complex 135 was isolated in 70% yield by 
addition of the resorcinarene 128 to a solution of (I,S-cyc1ooctadienyl)palladium 
S4 
dichloride in chloroform. Elemental analysis indicated the presence of four metal 
atoms, and one peak was observed on the 31p NMR spectrum. The simplification of 
the signals in the IH NMR and 31p NMR spectra of the product indicated the 
formation of a metallophosphocavitand with high symmetry and rigidity (Figure 1-
18). The addition of the resorcinarene 129 to the solution of (1,5-
cyclooctadienyl)palladium dichloride gave the corresponding palladium-bridged 
metallophospho-cavitand in 87% yield. 
Aoyama reported the synthesis of sugar-derived resorcinarenes. The 
derivatisation of each of the phenolic hydroxyl groups using a polysaccharide 
oligomer yielded amphiphilic macrocycles and, more precisely, macrocyclic 
glycoclusters (Scheme 1_66)89 
~H ~H~ OH HO ~O ~O o 0 0 0HO 0 0 OH OH cfHH HO HO HO maltooligo- . HO 0 ~NH HN~ 0 OH saccharide lactone 0 0 OH l ) OH OH OH 138 (n= 2-7) n-2 '1 ( n-2 
, O~O MeOH or I r:;:. 
MeOH/ethylene glycol 4 
44-76%.· o· ~Hg .~O .. ~~o ..... 0139 C11H23 .. 
o HO HO HO 
o OH 
OH OH OH 
n-2 
138 
Scheme 1-66: Synthesis of sugar-derived resorcinarenes 
Alkylation with methyl bromoacetate followed by reduction of the ester moieties 
gave the octahydroxyresorcinarene 136. The corresponding octaphthalimide, 
prepared using a Mitsunobu reaction, was then hydrolysed in a mixture of hydrazine 
and water to yield the resorcinarene 137. The key step of the synthesis was the 
condensation of the octaamine 137 with the corresponding malto-oligosaccharide 
lactone 138. The high molecular weight resorcinarenes 139, from 4172 (n = 2) to 
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10650 g.mor1 (n = 7), were obtained in good yields (44-76%). The resorcinarenes 
138 were miscible in water, and exhibited a complete insolubility in organic solvent 
in spite ofthe large alkyl chains and the benzene rings. In solution, the formation of 
micelles was observed, which were further aggregated by addition of phosphates to 
form nanopartic1es. The phosphate anion (HPOl) played the role of a glue by 
cross-linking the saccharide moieties of several micelles. Analogues of the 
resorcinarenes 139 were synthesised and used as "glycoviruses".90,91 DNA was 
coated inside a micelle formed by glycoc1usters similar to 139 (two resorcinarenes 
for each ten pairs of DNA bases). 
2.3.l.2 Partial derivatisation of the phenolic hydroxyl groups 
Monofunctionalisation of the resorcinarenes allowed Mattay to synthesise 
and isolate inherently chiral resorcinarenes derived from the resorcinarene 9.92 (5)-
(+)-lO-camphorsulfonyl chloride was used as a sulfonating agent to sy~thesise a 
pair of diastereoisomers of the monofunctionalised resorcinarene 141 (Scheme 1-
67). 
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Scheme 1-67: Synthesis of the inherently chiral resorcinarene 142 
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The diastereoisomers 14la-b were separated by RP-18 HPLC (11% of each 
diastereoisomer). Per-methylation using a solution of diazomethane in ether in 
presence of silica gel followed by the removal of the chiral auxiliary yielded the two 
enantiomers (+)-142 and (-)-142 in 45% and 37% yields. respectively. The two 
products synthesised only differed in their optical rotation while IR. and NMR 
spectra, melting points and mass spectra were identical. 
Next, Mattay reported the isolation of inherently chiral resorcinarenes 
prepared from resorcinol monoalkyl ethers.93 According to a procedure developed 
by Mocerino,24 racemic tetramethoxyresorcinarenes were synthesised by the 
condensation of a variety of aliphatic aldehydes and 3-methoxyphenol using boron 
trifluoride etherate as a Lewis acid (Scheme 1-9). Monofunctionalisation was 
achieved using n-butyllithium as the deprotonating agent and (S)-(+)-10-
camphorsulfonyl chloride as the chiral auxiliary (Scheme 1-68). 
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Scheme 1-68: Resolution of the racemic resorcinarene 143 
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The tetramethoxyresorcinarene 143 was synthesised by the condensation of 3-
methylbutanal and 3-methoxyphenol in 61% yield. Mono-esterification gave 
diastereoisomers (+)-144a and (-)-144b in 13% and 16% yields, respectively. The 
removal of the chiral auxiliary yielded both enantiomers of the resorcinarene 143 
(opposite optical rotations but identical IR and NMR spectra, and melting points 
and mass spectra) in good yield (70~72%). However, the absolute stereochemistry 
was not established at that point as no X-ray crystallographic data was available for 
any of the products. 
Finally, Mattay synthesised a diastereoisomerically pure tetraamide derived 
from the tetramethoxyresorcinarene 14394 The racemic resorcinarene 143 was 
treated with methyl 2-bromoacetate followed by aminolysis at high temperature 
(160 'c). When conducted at lower temperature (100 'C), the aminolysis only 
yielded the corresponding triamide. An easy separation of the diastereoisomers 
afforded the tetraamides 145 in 78% yield overall. The stereochemistry of the amide 
(-)-145 was determined by X-ray crystallography. The chiral non-racemic 
resorcmarene (-)-143 was alkylated followed by an aminolysis using (S)-(-)-
phenylethyl-amine. The IH NMR spectrum of the product was identical to the 
spectrum of the (+)-tetraamide 145 (Scheme 1-69). 
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Scheme 1-69: Synthesis of the chiral amide from chiral non-racemic (-)-143 
The absolute configuration of the enantiomer (-)-143 was determined as all-S as 
the absolute configuration of each of the methine bridges is (S) (or aR, see figure 1-
7); the configuration of the enantiomer (+)-143 was all-R (cir as, see figure 1-7). 
Discrepancies between these results and those obtained by us will be treated below. 
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As reported above, Shivanyuk prepared C 2v symmetrical resorcinarenes by 
derivatising the phenolic hydroxyl groups of two distal resorcinol units of an 
octahydroxyresorcinarene by esterification using different aromatic sulfonyl 
chlorides (Scheme 1-32, Scheme 1_70)50,95 
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Scheme 1-70: C2v symmetrical tetrasulfonate resorcinarenes 146 
The resorcinarene 9 gave the best yields of the tetrasulfonates, whereas no product 
could be isolated from the reaction with the resorcinarenes with long alkyl chains in 
the lower rim (R: C7H15, CllH23), The structure of the resorcinarenes 146 was 
established by X-ray crystallography, The tetraphosphates were generated similarly, 
and the derivatisation of the remaining reactive positions was studied. The position 
in between the phenolic hydroxyl groups on non-derivatised resorcinol units is 
much more reactive, increasing the selectivity towards distal substitution (Figure 1-
19). 
147 
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Figure 1-19: Distal substituted resorcinarenes 147 
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The distally substituted resorcinarenes 147 were obtained in good yields (63-89%). 
An amino methylation reaction using diethylamine and formaldehyde gave the 
corresponding diamine in 63% yield, and bromination with N-bromosuccinimide, 
the corresponding dibromoresorcinarene in 84% yield. Although the hydrolysis of 
the four tosylate moieties was achieved with the resorcinarenes 146, neither the 
tosyl nor the phosphoryl groups were hydrolysed from the resorcinarenes 147, 
. which make those groups unsuitable as protecting groups. The derivatisation of the 
remaining phenolic hydroxyl groups of the resorcinarenes previously prepared was 
also studied, but the removal of the arylsulfonyl and the phosphonyl protecting 
groups was not successful. 
The partial acylation of resorcinarenes was reported by Bohmer (Figure 1-
20).96 The acylation was regioselective only with a few acyl chlorides such as 2-
(chlorocarbonyl)phenyl acetate, furan-2-carbonyl chloride and thiophene-2-carbonyl 
chloride, whereas no selectivity was observed using isobutyl chloroformate and 
acetyl, acryloyl, pivaloyl, p-nitrobenzoyl and l-adamantylcarbonyl chloride. 
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Figure 1-20: Partial acylation of the resorcinarene 9 
The resorcinarene 9 was used as an example as its behaviour was similar to that of 
the other resorcinarenes studied. The resorcinarene 9 was dissolved in acetonitrile in 
presence of triethylamine followed by the fast addition of the acyl chloride to give 
the resorcinarenes 148 in 30-50% yield. The fast addition of the acyl chloride 
exerted control on the reaction, as only an inseparable and complicated mixture was 
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obtained with slow addition. Further acylation was then reported using acetic and 
Boc anhydrides (Scheme 1-71) and ethyl bromo acetate (Scheme 1-72). 
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Scheme 1-71: Synthesis of partially acylated products 
The use of benzyl chloroformate as a protecting group allowed the preparation of 
the e2v-symmetric resorcinarenes 149. The benzyl chloroformate group proved easy 
to remove 1ll1.dermild conditions to give the tetraester 150a and the tetracarbonate 
150b in a 90% combined yield. Ethyl bromoacetate as an alkylating agent allowed 
the use of the less sensitive p-methylbenzoate as a protecting group to afford the 
resorcinarene 151 in 68% yield. The eight ester moieties were then quantitatively 
hydrolysed to yield the tetraacid 152 (Scheme 1-72). 
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Scheme 1-72: Synthesis of the tetraacid 152 
The distal dibromoresorcinarene 153 was obtained by the bromination of the 
tetraester 148b followed by basic hydrolysis of the ester moieties (Scheme 1-73). 
No distal diamine 154 was obtained using the same methodology; all attempts to 
hydrolyse the ester protecting groups failed. 
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Scheme 1-73: Synthesis of distal dibromo resorcinarene 153 
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However, using the tetracarbonate 150b, the aminomethylation proceeded in 78% 
yield and the subsequent removal of the four carbonate protecting groups gave the 
diamine 154 in a quantitative yield (Scheme 1-74). 
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Scheme 1-74: Synthesis ofdi-amine 154 
Rebek reported the distal bridging of the resorcinarenes 146 and 148b using 1,3-
difluoro-4,6-dinitrobenzene. 97 When this was attempted from an octahydroxy-
resorcinarene, the reaction gave an inseparable mixture of products. The high pre-
organisation ofresorcinarenes 146 and 148b, high reactivity ofthe 1,3-difluoro-4,6-
dinitrobenzene (when attempted from less reactive 2,6-difluoro- and 2,6-
dichloropyridine, only the starting materials were recovered) and the ideal size as a 
spacer of the meta-substituted hydroxyl phenyl group, yielded a variety of distal-
. bridged products in good yields (66-89%). 
2.3.2 Synthesis of cavitands, carcerands and hemicarcerands 
Aoyama and Cram were the pioneers of host-guest chemistry involving 
resorcinarenes. Cram started to functionalise resorcinarenes in· order to prepare 
highly functionalised hosts while Aoyama was researching new possible guests for 
octahydroxyresorcinarenes, and showed that resorcinarenes could extract some 
guests from an aqueous solution into solution in CCk98 Further studies have shown 
that the octahydroxyresorcinarenes formed host-guest complexes with amines,99.IOO 
with ammonium salts to form large self-assembled networks, 101 with amino-
acids,102 and with sugars/03,104 to give but a few examples. 
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According to Cram, a host, a general term for cavitands, carcerands and 
hemicarcerands in this case, should ideally satisfy five criteria:63 
- The compounds should have "a cavity containing enforced concave surfaces of 
molecular dimensions'. 
- These dimensions should be designed (using CPK modelling for example). 
- The compounds should be easy to synthesise in large quantities. 
- Their structure should allow the introduction of a large number of functional 
groups. 
- Their solubility should be modifiable by the simple derivatisation in a position 
remote from the cavity. 
A generalised compound derived from resorcinarene 9 satisfied all these 
criteria, as the solubility should be manipulable by further derivatisation of the 
lower-ring methyl groups (Figure 1-21). 
R 
R 
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Figure 1-21: General structure of a cavital.d 
These cavitands formed complexes with a variety of molecules. For example, 
cavitand 75 (R: H, n = 1) was incorporating a molecule of dichloromethane in its 
cavity, and cavitand 76 (R: I, n = 1) was incorporating a molecule of toluene. 
Cram defined carcerands as "noncollapsible molecular cells whose interior 
are large enough to contain guests and whose surfaces contain pores too small for 
guest molecules to enter or depart from their interiors without making or breaking 
covalent bonds".105 Carceplexes are carcerands with their guests trapped inside. 
Cram reported the synthesis of carceplexes 157 (Scheme 1-75). 
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Scheme 1-75: Carceplexes 157 
The carceplexes were prepared from the resorcinarene 156 by closing around one 
molecule of solvent as a guest in 49%, 54% and 61% yields with N,N-
dimethylformamide, N,N-dimethylacetamide and dimethylsulfoxide respectively. 
The corresponding carcerands were not observed in the reaction, which indicated a 
templating effect of the guest inside the cavity. Guest exchange did not occur when 
the carceplex 157a was heated under reflux in N,N-dimethylformamide. Cram also 
reported the preparation ofhemicarcerands, which were described as host capable of 
exchanging their incarceiatedg~ests, and a large number ofhemicarceplexes.106.107 
More recently, Lee and Yoon reported the synthesis of a cavitand derived 
from resorcinarene 156 (Scheme 1_76)lO8 The resorcinarene 156 was converted in 
the tetrachloride 158 following a literature procedure. 109 
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Scheme 1-76: Synthesis oftetraimidazolium cavitand 159 
The tetraimidazolium cavitand 159 was prepared by the nucleophilic substitution of 
the chlorides by four imidazole rings followed by the exchange of the chlorides by 
hexafluorophosphate anions. This cavitand formed complexes with various 
dicarboxylates by hydrogen bonding of the imidazolium protons. Lee and Yoon 
later reported the synthesis of the cavitand 160 bearing two crown ethers, derived 
again from the resorcinarene 156 (Figure 1_22)110 
n ~~~) 
161 
160 
Figure 1-22: Bis-crown ether cavitand 160 
The cavitand 160 was prepared in 25% yield by the slow addition of the bis-tosylate 
161 to a solution of the cavitand 156 at 60 ·C over three days in degassed N,N-
dimethylacetamide using a mixture of potassium carbonate and caesium carbonate 
(in a 95:5 ratio). The affinity of the cavitand 160 towards cations was tested, and the 
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experiments showed a moderate selectivity towards Na+ compared to other alkali 
metal cations. 
A widely used spacer to bridge two adjacent phenolic hydroxyl groups is a 
meta-substituted aromatic compound. This topic could form the subject of its own 
review so only a few examples are cited here. Cram introduced tetraquinoxaline 
cavitands derived from resorcinarene 9 in 1982/11 and Tunstad reported the 
selective excision of one or two of the quinoxalines from the c~vitand in 2004. 112 
Rebek prepared a class of asymmetric cavitands with an introverted carboxylic acid 
functionality.l13 The corresponding methyl ester cavitand catalysed the methylation 
reaction of tertiary amines1l4 A few examples of catalysis using this class of 
cavitands have been reported. Allylic alkylation was catalysed by a cavitand bearing 
a chelated palladium with good substrate specificity.lls The aminolysis and 
hydrolysis of a choline derivative, p-nitrophenyl choline carbonate (as an analogue 
of acetylcholine), were catalysed by functionalised cavitands as the ammonium 
moiety of the choline is recognised by the cavity. 116,117 Recently, Choi reported the 
synthesis of a tetrabenzimidazole cavitand using Rebek's methodology.ll8 
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Chapter 11: Results and Discussion 
The Loughborough group has been continuously investigating the synthesis 
of chiral resorcinarenes. Two pathways are possible: to functionalise a non-chiral 
resorcinarene with chiral material or to prepare inherently chiral material and to 
separate the isomers obtained. 
1 Synthesis of benzoxazines from non-chiral resorcinarenes 
The aim of the first part of this discussion is concerned with the synthesis of a 
variety of benzoxazines from different resorcinarenes, as well as finding the best 
conditions for their synthesis and verifying their stability in various solvents. 
1.1 Synthesis ofresorcin[4Jarenes and resorcin[6Jarene 
The procedures to synthesise octahydroxy resorcinarenes are well-known and 
widely reported in the literature. Our first target was the tetrapentyl-resorcinarene 1 
(Scheme 2_1)1 
H0'V
0H 0 concentrated HCI H~ 10 + ~ • 10 4 ethanol 
63% _ 1 CSHll 
Scheme 2-1: Synthesis of resorcin are ne 1 
Resorcinol and hexanal were dissolved in ethanol, and concentrated hydrochloric 
acid was added to the reaction mixture. The reaction was then heated under reflux 
for twenty-four hours. The product crystallised from the reaction mixture upon 
cooling to afford the resorcinarene 1 in 63% yield. 
The tetraethyl-resorcin[ 4]arene 2 and the tetraethyl-resorcin[6]arene 3 were 
also prepared according to the literature procedure (Figure 2_1)2 
75 
,--' .-" 
HOrrO~ ~4 HOrrO~. ~ 
2 C2HS 3 C2Hs 
Figure 2-1: Resorcinol-propionaldehyde condensation products 
-.:,-:;~-
Resorcinol was dissolved in a mixture of ethanol, water and concentrated 
hydrochloric acid, and this was followed by slow addition of propionaldehyde at 0 
'C over eight hours. The reaction mixture was stirred at room temperature for 
twelve hours followed by twenty-four hours under reflux. The mixture of 
resorcinarenes precipitated upon cooling, and recrystallisation from tetrahydrofuran 
afforded the tetraethyl-resorcin[6]arene 3 in 9% yield, while the evaporation of the 
filtrate yielded the tetraethyl-resorcin[4]arene 2 in 81% yield. Rebek reported that 
no resorcin[6]arene was obtained when other aldehydes (butanal or acetaldehyde) 
were used. 
We attempted to prepare hexamethoxy-hexaethyl-resorcin[6]arene following 
this observation; our aim was to prepare the inherently chiral resorcin[6]arene 5. 
Using 3-methoxyphenol instead of resorcinol in the conditions described by Rebek 
only yielded an unidentified mixture of products, which was thought to be due to 
the poor solubility of 3-methoxyphenol in ethanol and the lower solubility of the 
resulting condensation intermediates. We then attempted to synthesise the same 
inherently chiral resorcin[6Ja~~ne 5 according to the procedure developed by 
Mocerino using the Lewis acid boron trifluoride etherate (Scheme 2_2). 3 
HOVOMe I +~O 
~ 
BF3oOEt2 
DCM 
o 'C-+rt 
HMiOOMe I~ 
n 
. C2 5 
MeO~O.H I~ 
n 
C2 5 
4 n= 4 yield: 82% 
5 n= 6 not isolated 
Scheme 2-2: Synthesis of inherently chiral resorcinarenes 
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3-Methoxyphenol and propionaldehyde were dissolved in dichloromethane and the 
reaction mixture was cooled to 0 ·C. Boron trifluoride etherate was added dropwise 
over an hour and the reaction mixture was allowed to reach room temperature. After 
five hours, the solvent was removed and methanol was added to crystallise the 
resorcinarenes. Unfortunately, only tetraethyl-resorcin[4]arene 4 was isolated. 
Although the IH NMR and l3C NMR spectra were not expected to show a large 
difference between 4 and 5, F AB mass spectrometry did not show a molecular ion 
corresponding to the resorcin[ 6]arene 5, only the molecular ion corresponding to the 
resorcin[4]arene 4 was detected (M' calculated: 656.3349, found: 656.3339). The 
resorcin[6]arene 3 was presumably isolated due to its stability in the reaction 
conditions and its poor solubility in the solvent, whereas in the case of the 
resorcin[6]arene 5, the Lewis acid could have a templating effect favouring the 
resorcin[4]arene 4. 
1.2. Synthesis of benzoxazines 
1.2.1. Synthesis of tetrabenzoxazines and diastereoselectivity 
The tetrabenzoxazines derived from resorcinarenes 1 and 2 were prepared 
following literature procedures (Scheme 2_3)4 
HO~. "'" OH 
1,0-
4 
R 
1 R: n-pentyl 
2 R: ethyl 
+ 
paraformaldehyde 
NaOH cat. 
ethanol 
reflux 
Oy 
~N . 0 "'" OH 1,0- 4 
R 
6a R: n-pentyl 35% 
6b R: ethyl 33% 
Scheme 2-3: Synthesis of the tetrabenzoxazines 6 
The resorcinarene, paraformaldehyde, (R)-(+)-a-methylbenzylamine and a pellet of 
sodium hydroxide were dissolved in ethanol and the' mixture was heated under 
reflux for twenty-four hours. The desired product precipitated upon cooling of the 
reaction mixture. The tetrabenzoxazines were obtained as only one diastereoisomer: 
the (aR.R)-tetrabenzoxazines 6a and 6b in 35% and 33% yield respectively (the 
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chirality of the resorcmarenes was defined above m Figure 1-7). 
Diastereoisomerisation was shown to occur in deuterated chloroform to obtain a 
mixture of both diastereoisomers in a 2: 1 ratio in favour of the (aR,R) 
diastereoisomer. The diastereoisomerisation occurs by the opening/closing of the 
benzoxazine rings to regenerate the network of hydrogen bonds around the upper 
rim of the resorcinarene as seen above in Scheme 1-26. We also investigated the 
diastereoisomerisation of the previously prepared benzoxazines in toluene (Scheme 
2-4). 
Oy 
~N o "" OH Ih- 4 
R 
(aR, R) 
6a R: n-pentyl 
6b R: ethyl 
(~ 
ethanol, reflux 
Oy 
~N . + o '<::: OH. . I h- 4 
R 
(aR, R) 
(i) Toluene under reflux, 24h 1 
(i) CDCI3 , 12h 2 
(i) CDCh, K2C03, 12h 2 
Oy 
~N'l HO '<::: 0 Ih- 4 
R 
(as, R) 
1 
1 
1 
Scheme 2-4: Diastereoisomerisation oftetrabenzoxazines 6 
The diastereomerically pure tetrabenzoxazines 6a and 6b were heated under reflux 
in toluene for twenty-four hours. We obtained an inseparable mixture of 
diastereoisomers in a 1: 1 ratio in both cases. Whereas the aminomethylation of the 
.resorcinarene 2 using the bis-(aminol) ether of (S)-(-)-a-methylbenzylamine i.n 
ethanol yielded the (as,.5)-tetrabenzoxazine 6b,5 an inseparable mixture of (as,S) 
and (aR,S) diastereoisomers in a 1: 1 ratio was obtained in toluene6 After removal of 
the solvent, the mixtures were dissolved in ethanol and heated under reflux for 
twelve hours. Upon cooling, only the (aR,R) diastereoisomers 6 (or (as,S) in the 
case of the synthesis using the (S)-bis-(aminol) ether) were isolated from the 
solution. We then deduced that the opening/closing via the iminium intermediary 
yielded a favoured diastereoisomer depending on the polarity of the solvent and on 
the solubility of each diastereoisomer in the same solvent. The isolation of only one 
diastereoisomer (aR,R) or (as,S) from the ethanolic solution was due to the 
equilibrium being displaced by the crystallisation of this diastereoisomer in the 
medium. 
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1.2.2 Synthesis of hexabenzoxazines and diastereoselectivity 
The amino methylation of resorcin[6]arene 3 with dibutylamine was reported 
by Rebek.2 However, to our knowledge, the corresponding hexabenzoxazine was 
not reported in the literature. The corresponding hexabenzoxazine would obviously 
contain axial chirality, and the potential use of chiral amines could lead us to 
diastereomerically pure resorcin[6]arenes. The comparison between the "classical" 
Mannich procedure and our modified procedure using the bis-(aminol) ethers would 
be of interest to enhance the potential diastereose1ectivity of our synthesis. The bis-
(aminol) ethers 7 and 8 were prepared according to a literature procedure (Scheme 
2-5)? 
R R 
if paraformaldehyde if "'" NH K2C03 I "'" W" ....... OMe I 2 I ~ MeOH ~ ...... OMe 
7 R: H 70% 
8 R: Me 70% 
Scheme 2-5: Synthesis of(R)-bis-(aminol) ethers 7 and 8 
(R)-(+)-a-Methylbenzylamine was dissolved in methanol followed by addition of 
potassium carbonate and paraformaldehyde (in a 1:1:2 ratio). The mixture was 
stirred for two days and distilled under reduced pressure using a Kiigelrohr 
apparatus to yield N-N-bis(methoxymethyl)-N-(R)-a-methylbenzylamine 8 in 70% 
yield. The stoichiometry of the reaction was changed in order to increase the yield 
up to 79% and 81% for ethers 7 and 8 respectively by using a ratio of 1 :2:4 
amine:potassium carbonate:formaldehyde. The bis-(aminol) ethers are masked bis-
iminium ions, although the equilibrium is highly in favour of the bis-(aminol) ether 
(Scheme 2-6). 
MeOH 
Scheme 2-6: In situ generation of the iminium ion 
Our first target was the hexabenzoxazine resorcin[6]arene 9 synthesised following 
the two procedures shown in Scheme 2-7. 
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paraformaldehyde C\ C\:? 
NaOH cat 1 1 
-------4.~ ~ ~ 
ethanol 
1.& + 
HO~OH 
6 
3 Et 
30% I + reflux, 48 h ~N" ~N 
HO '" 0 0 '" OH H0?cy0H v/'.. 1.& 1 .& 1 / + 1 '" N OMe -------4.~ 6 6 
// / I ethanol 
. 6 // 'OMe Et Et reflux, 48 h 
3Et 7 66% 9 
Scheme 2-7: Synthesis of racemic hexabenzoxazine 9 
The resorcinarene 3, a pellet of sodium hydroxide, a large excess of benzylamine 
and paraformaldehyde, or the resorcinarene 3 and bis-(aminol) ether 7, were 
dissolved in ethanol and the mixture heated under reflux for forty-eight hours. The 
product 9 precipitated upon cooling of the reaction mixture. The resorcinarene 9 
was obtained in 30% yield following the "classical" Mannich procedure and in 66% 
using the bis-(aminol) ether 7. The resorcinarene 9 was isolated as a racemic 
mixture of the (as) and (aR) enantiomers by analogy with the resorcin[4]arenes. The 
most remarkable feature of this reaction was the organisation of the benzoxazine 
rings on the upper rim of the resorcinarene. We did not obtain a mixture of 
benzoxazines, only one racemic compound was observed, and the IH NMR 
spectrum showed singlets (ArCH2N: b = 4.03 ppm and OCH2N: 0 = 4.90 ppm) for 
the two methylene groups of the benzoxazines. Two racemic diastereoisomeric 
mixtures A and B ofresorcin[6]arene 9 could present this spectrum (Figure 2-2). 
A B 
Figure 2-2: Possible extreme diastereoisomers 
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Amongst all the possible diastereoisomers, only A and B could present identical IH 
NMR signals for their benzoxazine methylene groups. However, the regioisomer B 
does not possess any hydrogen bond network as does A, which is critical for the 
benzoxazine organisation on the upper part of the resorcinarene, although three 
hydrogen bonds could be formed around the upper rim. The six hydrogen bonds 
formed in regioisomer A suggest a large thermodynamic preference for A by 
analogy with the tetrabenzoxazine-derived resorcin[ 4 ]arenes. 
The synthesis of diastereoisomerically pure hexabenzoxazines was then 
attempted. We followed both procedures described previously to compare the yields 
and diastereoselectivities (Scheme 2-8). 
HO~OH 
I ho. + 
6 
3 Et d'
Me paraformaldehyde Oy Oy 
NaOH cat I I I "" NH2 • "" Me "" Me 
ho ethanol 
55% + I refiux, 48 h ~N ~N" 
o "" OH HO "" 0 HO~OH Me I I 
I d' ho ho 
. ho 6 + I '<::: N/'.,OMe ethanol 6 6 
ho ~ refiux, 48 h Et Et Et OMe 3 8 63% (aR,R)-1 0 (as,R)-10 . 
Scheme 2-8: Synthesis of the hexabenzoxazine 10 
The resorcinarene 3, (R)-(+)-a-methylbenzylamine, paraformaldehyde and a pellet 
of sodium hydroxide, or the resorcinarene 3 and (R)-(+)-bis-(aminol) ether 8, were 
dissolved in ethanol and the mixture heated under reflux for forty-eight hours. The 
product precipitated upon cooling of the reaction mixture. The resorcinarene 10 was 
obtained in 55% for the "classical" Mannich procedure versus 63% yield using the 
bis-(aminol)-ether 8, so no significant yield increase was observed in comparison to 
the doubled yield in the synthesis of the resorcinarene 9. The diastereoselectivity 
previously seen was observed for the synthesis of the resorcinarene 10 with one 
diastereoisomer isolated; however no diastereoselectivity was observed and an 
inseparable mixture of (aR,R)- and (as,R)-hexabenzoxazines in a 1:1 ratio was 
isolated. Unfortunately, the diastereoselectivity seen in the case of the 
tetrabenzoxazines 6 was not observed in the synthesis of the hexabenzoxazine 10. 
Furthermore, we were unable to separate the two diastereoisomers of the 
hexabenzoxazine 10. 
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1.3 Synthesis of he;wmethoxy-he.xabenzoxazine resorcinarenes 
The Loughborough group has reported the methylation of the phenolic 
hydroxyl groups of a tetrabenzoxazine (Scheme 1_39)5 In the case of the 
benzoxazine 10, the methylation of the remaining phenolic hydroxyl group of the 
hexabenzoxazine-resorcin[6]arene could allow us to separate the newly formed 
diastereoisomers and prevent any further diastereoisomerisation by opening/closing 
of the benzoxazine via an iminium ion. The per-methylation was attempted 
following the procedure described in the literature (Scheme 2-9). 
OyR OyR 
~N ~NI o "" OH+HO "" 0 I "" I "" 6 6 
Et Et 
R: H 9 
R: Me 10 
Scheme 2-9: Attempted per-methylation ofbenzoxazines 9 and 10 
We were unsuccessful in our attempts to methylate the remaining phenolic hydroxyl 
positions, even though the reaction temperature was increased (-78 °C, -20°C, 0 
°C) and the methylating reagent was changed (MeOTf and Mer). We believed that 
this was due to the difficulty of generating in situ the hexa-anion that could then be 
methylated. 
1.4 Conclusion 
Using literature procedures, we have prepared a variety of benzoxazines from 
resorcin[4]arenes; we have established that the selectivity leading to one 
diastereoisomer in the synthesis of the tetrabenzoxazine was due to the solvent. The 
tetraethyl-resorcin[ 6]arene 3 was also prepared, and two hexabenzoxazines using 
the Mannich reaction were synthesised using both methodologies. Unfortunately, 
we did not observe any diastereoselectivity in the synthesis of those benzoxazines, 
we were unable to separate the diastereoisomers, and we could not methylate the 
remaining phenolic hydroxyl groups. 
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2 Synthesis of inherently chiral resorcinarenes 
Our next target was to obtain a large variety of inherently chiral resorcinarenes 
following the procedure developed by Mocerino,3 varying the alkoxy group and the 
alkyl chain. Our approach towards the synthesis of the benzoxazines from a 
protected resorcinol is shown below (Scheme 2-10). The Mitsunobu reaction was 
chosen in order to improve the yields and reduce the reaction times usually involved 
in the desymmetrisation of resorcinol. McGrath successfully obtained 3-
alkoxyphenols from 3 -alkoxyiodobenzenes in good yields. 8 
HO~OP Mitsunobu R10~OP Deprotection 
o '0 
Condensation 
with R2CHO 
Mannich 
reaction 
~Me ~Me 
~N ~NI o "" OR1 + R10 "" 0 lA lA 4 4 R R 
Scheme 2-10: Strategy towards the chiral benzoxazines 
Starting with a suitably protected resorcinol, the first step would be the alkylation 
using the Mitsunobu reaction followed by the removal of the protecting group to 
obtain a protected 3-a1kyloxyphenol. Condensation with different aldehydes should 
then allow us to access a range of resorcinarenes, which would then be 
aminomethylated to yield the target benzoxazines. 
2.1 Desymmetrisation of resorcinol: synthesis of alkyloxyphenols 
The Mitsunobu reaction is a powerful and general tool in organic synthesis, 
allowing the conversion of a primary or secondary alcohol into an excellent leaving 
group that can subsequently be displaced by a wide range of nuc1eophiles under 
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mild reaction conditions. The reaction is usually stereospecific, with inversion of 
the carbon configuration at the reaction centre. Mitsunobu has reviewed the use of 
the reaction (using diethyl azodicarboxylate and triphenylphosphine) in the 
synthesis of natural products9 Hillhouse has reviewed the stoichiometric uses of 
tertiary phosphines in organic synthesis and dedicated an account to the Mitsunobu 
reaction. IO The modification of the reagents to ease the isolation of the products was 
recently reviewed by Dembinski. ll For example, a benzoic acid-derived phosphine 
would yield a water-soluble (in basic conditions) phosphine oxide.12 The Mitsunobu 
reaction has also been used to yield calix[ 4]arene 1 ,3-diethers. 13 
2.1.1 Use of resorcinol monoacetate 
Our first choice as a protected resorcinol was the resorcinol monoacetate 11. 
Resorcinol monoacetate, triphenylphosphine and an alcohol, either isopropanol or 
cyclopentanol were dissolved in dry tetrahydrofuran and the mixture was cooled to 
o °C. Di-isopropyl azodicarboxylate DIAD was then added dropwise to the reaction 
mixture (Scheme 2-11). 
O~O~I ~ OH __ R_O_H_,_P_P_h_3 _ I 0 DIAD dropwise 
THF, Qoe 
11 12 R: i-propyl 
13 R: cyclopentyl 
Scheme 2-11: Synthesis of acetate protected 3-alkoxyresorcinols 
After five hours, the solvent was removed under reduced pressure and diethyl ether 
was added, and the mixture cooled to -10°C to precipitate most of the 
triphenylphosphine oxide formed in the reaction. The residue was purified using 
column chromatography and the 3-isopropoxyphenyl acetate 12 and the 3-
cyclopentyloxyphenyl acetate 13 were each obtained in 50% yield using a 1: 1 molar 
ratio of l1:ROH in the reaction mixture. This result was initially somewhat 
surprising to us because we expected the Mitsunobu reaction to give us high yields. 
In fact, we then established that the commercially available resorcinol monoacetate 
was a technical grade product: it is a mixture of three compounds: resorcinol 
monoacetate (55%), resorcinol diacetate (35-40%) and resorcinol (5-10%). The ratio 
l1:ROH was then increased in an attempt to optimise the efficiency of the 
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synthesis, although the competing alkylation of resorcinol would inevitably generate 
more by-products (Table 2-1). 
Entry ROH Molar ratio l1:ROH Yield/% 
a isopropanol 1:1 50% 
b cyclopentanol 1:1 50% 
c isopropanol 1.5: 1 67% 
d cyclopentanol 1.5:1 61% 
e isopropanol 2:1 75% 
f cyclopentanol 2: 1 71% 
Table 2-1: Mitsunobu reaction 
First, the ratio l1:ROH was increased to 1.5:1; the acetates 12 and 13 were then 
obtained in yields of 67% and 61% respectively. The dialkyloxy resorcinol was 
observed but not isolated. When the ratio was increased to 2: 1, the Mitsunobu 
reaction gave acetates 12 and 13 in optimised yields of 75% and 71 % respectively. 
The removal of the ester protecting group was achieved using a basic 
hydrolysis/methanolysis. The acetates 12 and 13 were dissolved in methanol at 
room temperature and a molar solution of potassium hydroxide was added to the 
reaction mixture. The evolution of the reaction was followed by TLC (Scheme 2-
12). 
KOH 1M 
methanol 
12 R: i-propyl 
13 R: cyclopentyl 
HOyyOR 
V 
14 R: i-propyl 97% 
15 R: cyclopentyl 90% 
Scheme 2-12: Removal of the ester protecting group 
After ten minutes, the acetates 12 and 13 were completely hydrolysed, and 3-
isopropoxyphenol14 and 3-cyclopentyloxyphenol 15 were isolated in 97% and 90% 
respectively. Only a rapid purification by chromatography was necessary as the 
major by-product was methyl acetate. The synthesis was next attempted without 
purification of the acetates 12 and 13. The separation of the phenols 14 and 15 from 
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the by-products of the Mitsunobu reaction was easier than the purification of the 
acetates 12 and 13 due to the higher polarity of the phenols. Using a molar ratio of 
1.5:1 of l1:ROH, the phenols 14 and 15 were obtained in 63% and 54% yields 
respectively over the two steps. With a 2: 1 ratio, the reaction yielded phenol 14 in 
72% and the phenol 15 in 62% over the two steps. As we needed a reliable supply 
of large quantities of 3-alkoxyphenols, both syntheses were attempted on a fifteen 
gram scale and we obtained the same yield as seen on smaller scale reactions. 
2.1.2 Use of resorcinol monobenzoate 
Another possible ester protected resorcinol was resorcinol monobenzoate 16. 
Because of its higher purity (97%), we expected to be able to isolate higher yields of 
the protected alkyloxyresorcinol. The procedure previously described was applied 
using resorcinol monobenzoate 16 (Scheme 2-13). 
ROH, PPh3 
DIAD dropwise 
THF, 0 'C 
17 R: i-propyl 93% 
18 R: cyclopentyl 93% 
19 R: cyclohexyl 63% 
Scheme 2-13: Synthesis of benzoate protected 3-alkyloxyresorcinols 
One drawback to the use of resorcinol monobenzoate was the difficult separation of 
the triphenylphosphine oxide and the desired benzoates. However, the 3-
isopropoxyphenyl benzoate 17, the 3-cyclopentyloxyphenyl benzoate 18 and the 3-
cyclohexylphenyl benzoate 19 were all isolated in good yields, 93% each for 17 and 
18, and 63% for 19. The benzoate 19 was isolated in 72% yield when the reaction 
was carried out in toluene. Unfortunately, the hydrolysis of the benzoate protecting 
group proved problematic. When methanol was used as a solvent, TLC indicated 
that very little of the 3-alkoxyphenols 14 and 15 was formed after five hours 
(Scheme 2-14). When the reaCtion was conducted in ethanol, all the starting 
material was converted into the desired 3-alkoxyphenols after one hour. 
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HO~OR 
V. 
ethanol 
HO~OR 
V 
KOH 1M 
14 R: i-propyl 98% 
15 R: cyclopentyl 96% 
20 R: cyclohexyl 76% 
Scheme 2-14: Removal of the benzoate protecting group 
The 3-isopropoxy-, 3-cyc!opentyloxy- and 3-cyc!ohexyloxyphenol 14, 15 and 20 
were obtained in 98%, 96% and 76% yields respectively. However, one drawback 
to this route was the presence of benzoic acid, which co-eluted with the target 
phenols. The isolation of the a1koxyphenols was achieved without purifying the 
corresponding benzoates in very good yields (90% and 88% for 14 and 15 
respectively over the two steps). The syntheses of 14 and 15 were also attempted on 
fifteen gram scale and gave the 3-a1koxyphenols in 89% and 88% yields 
respectively. 
The Mitsunobu reaction proved to be an excellent choice as the 
methodology allowed us to obtain very large quantities of the desired 3-
alkoxyphenols 14, 15 and 20 in high yields and short times on up to a fifteen gram 
scale. 
2.2 Synthesis of the tetraalkoxyresorcinarenes .. 
The synthesis of tetraalkoxyresorcinarenes was only achieved in excellent 
yields by Mocerino (for example, from 3-methoxyphenol and octanal using Lewis 
acid catalysis);3 as those resorcinarenes cannot be obtained in the acid catalysed 
condensation used to prepare octahydroxy-resorcinarenes. 
2.2.1 Condensation reaction lIsing aldehydes 
3-Methoxyphenol was used as a model in our study as it is a commercially 
available product. Starting from the previously prepared 3-alkoxyphenols, we 
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investigated Lewis acid-catalysed condensation with various aldehydes (Scheme 2-
15). 
BF3·OEt2 
2 equiv. 
, R1M;oH : HM;oRl 
I "" 1 I "" 
------ ~ : ~ DCM 4: 4 
O·C to r.t. R: R 
, 
Scheme 2-15: Synthesis of the tetraalkoxyresorcinarenes 
The 3-alkoxyphenol and the corresponding aldehyde were dissolved in 
dichloromethane at 0 ·C, the Lewis acid boron trifluoride etherate (two equivalents) 
was added dropwise over thirty minutes and the reaction was gradually allowed to 
reach room temperature. The reaction was stirred for four hours, and after work-up, 
the product was recrystallised from the appropriate solvent (Table 2-2). 
Entry RI R2 Product Yield/% 
a methyl n-hexyl 21 94% 
b methyl n-pentyl 22 90% 
c isopropyl n-hexyl 23 84% 
d isopropyl n-pentyl 24 70% 
e isopropyl n-undecyl 25 64% 
f isopropyl 2-methylpropyl 26 73% 
g cyclopentyl n-pentyl 27 not isolated 
h . cyclopentyl n-undecyl· 28 not isolated 
I cyclopentyl 2-methylpropyl 29 not isolated 
J cyclopentyl n-hexyl 30 not isolated 
Table 2-2: Synthesis of the resorcinarenes using aldehydes 
The tetraalkoxyresorcinarenes 21-26 were obtained in good to excellent yields (70-
94%) after recrystallisation from ethanol (RI: isopropyl) or methanol (RI: methyl). 
Unfortunately, the tetracycIopentyloxyresorcinarenes 27-30 derived from 3-
cycIopentyloxyphenol 15 were apparently not formed under the reactions 
conditions. Similarly, the condensation reaction of 3-benzyloxyphenol and hexanal 
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did not yield the corresponding resorcinarene. The expected mechanism of the 
formation of the tetraalkoxyresorcinarenes 21-26 is described below (Scheme 2-16). 
R1 R1 R1 
I I I 
R10 OH 0 OH 32 R10 OH 0 OH 0 OH 
OH OH 
R2 33 R2 R2 R2 34 R2 
" 
r 
R1 R1 
I I 
R10 OH 0 OH 
OH 
R2 R2 R2 R2 
35 
R
1
0{XX;;0H HO~.OR1 
1..<" + 1..<" 
4 4 
R R 
fast 
Scheme 2-16: Possible mechanism for the formation of the 
.tetraalkoxyresorcinarenes 
The key intermediate 31 is rapidly formed, followed by the slow formation of the 
intermediate 32, which then reacts with another unit of 31 to give 33. The linear 
tetramer 35 is obtained either by the condensation reaction of two molecules of 33 
or by the condensation of one molecule of 34 and one of 32. The resorcinarene is 
then obtained by rapid closing of the linear intermediate 35. The a1cohols 31a and 
31 b were prepared by Boxhall to investigate our previous failure to synthesise the 
tetrabenzyloxyresorcinarene (Figure 2_3).14 
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31a: R: i-propyl 
31 b: R: benzyl 
Figure 2-3: A1cohols 31 prepared by the group 
In the presence of boron trifluoride etherate in dichloromethane, the alcohol 3la 
gave the tetraisopropyloxyresorcinarene 24 in 82% yield. The alcohol 31b did not 
yield the corresponding resorcinarene when subjected to the same conditions. 
Therefore, we modified a parameter: the stability of the potential intermediate and 
the elimination of the water generated during the reaction. We argued that 
intermediates similar to 36 (Figure 2-4) would satisfy both conditions: the by-
product would be methanol and the higher stability of 36 would lead us to a higher 
concentration of intermediate 32. 
R10'(Y0H . 
~OMe 
R2 
36 
Figure 2-4: Potential intermediate 
The condensation reaction with the corresponding 3-alkyloxyphenol and the 
corresponding dimethyl a«etal sholl!(taI19w the formation of such an intermediate. 
2.2.2 Condensation reaction using dimethyl acetals 
We decided to run a model reaction using the commercially available 3-
methoxyphenol and I, I-dimethoxyheptane to test our hypothesis (Scheme 2-17). 
HOVOMe OMe 
I + A ~ CSH13 OMe 
BF3'OEt2 
DCM 
O'C to r.t. 
94% 
• 
• 
• Ho~oMe i Ho~oMe I ~ : I ~ 
, 
4 : . 4 
Cs 13: Cs 13 
· . ,
• 
21 
Scheme 2-17: Synthesis of the resorcinarene 21 using l,l-dimethoxyheptane 
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Under the conditions described above, we obtained the tetramethoxyresorcinarene 
21 in 94% yield (comparable to the yields obtained synthesising 21 using heptanal). 
Following this encouraging result, we prepared a variety of I,I-dimethoxyalkanes 
using a literature procedure that involved mild reaction conditions (Scheme 2_18).15 
RCHO 
TiCl4 1mol% 
Et3N 12 mol% 
methanol 
O·C, 30 min 
RCH(OMeh 
Scheme 2-18: Synthesis of the I,I-dimethoxyalkanes 
The corresponding aldehyde was dissolved in methanol at ooe and titanium (IV) 
chloride was added. After thirty minutes, triethylamine was added. The reaction was 
quenched in brine, and the desired I, I-dimethoxyalkane was isolated by extraction. 
The by-products of the reaction were all water soluble. No further purification was 
necessary (Table 2-3). 
Entry R Product Yield/% 
a n-undecyl 37 96% 
b 2-methylpropyl 38 95% 
c 2-phenylethyl 39 98% 
Table 2-3: Synthesis of the I,I-dimethoxyalkanes 
1,I-Dimethoxydodecane 37, 1,I-dimethoxy-3-methylbutane 38 and I,I-dimethoxy-
3-phenylpropane 39 were obtained in 96%, 95% and 98% yields respectively. 
However, the low boiling point of the compound 38 did not enable us to obtain 
good yields (75%) in the first instance because some of the product was removed 
alongside the extraction solvent. This procedure was particularly attractive as we 
were able to synthesise large quantities of I, I-dimethoxyalkanes (up to fifteen 
grams) in excellent yields without further purification. 
The tetraalkoxyresorcinarenes were then synthesised either using the 
commercially available I,I-dimethoxyhexane and I,I-dimethoxyheptane or the 
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prepared dimethoxyalkanes 37, 38 and 39. The reaction conditions were identical to 
those previously used; the 3-alkyloxyphenol and the l,l-dimethoxyalkane were 
dissolved at 0 °C in dry dichloromethane and the boron trifluoride etherate was 
slowly added to the mixture over thirty minutes. The reaction mixture was stirred 
for four hours at room temperature (Scheme 2-19). 
BF3'OEt2 HOMOR1 OMe 2 equiv. I ~ ''& R2 OMe ·DCM 4 O'C to r.t. R 
Scheme 2-19: Synthesis of the tetraalkoxyresorcinarenes 
Entry RI . R2 Product Yield/% 
a methyl n-hexyl 21 94% 
b methyl n-pentyl . 22 91% 
c isopropyl n-hexyl 23 92% 
d isopropyl n-pentyl 24 89% 
e isopropyl n-undecyl 25 88% 
f isopropyl 2-methylpropyl 26 91% 
g isopropyl 2-phenylethyl 40 82% 
h cyclopentyl n-pentyl 27 95% 
1 cyclopentyl n-undecyl 28 89% 
... ~. ..-
J cyclopentyl 2-methylpropyl 29 90% 
k cyclopentyl n-hexyl 30 96% 
I cyclohexyl n-pentyl 41 42% 
Table 2-4: Synthesis of the tetraalkoxyresorcinarenes using l,l-dimethoxyalkanes 
The target resorcinarenes were obtained in excellent yields after recrystallisation 
from methanol, ethanol or isopropano\.14 The resorcinarene 24 was prepared in 89% 
yield versus 70% using the aldehyde, and, more importantly, we were able to 
synthesise and isolate the tetracyclopentyloxyresorcinarenes 27, 28, 29 and 30 in 
95%, 89%, 90% yields and 96%, respectively. The tetracyclohexylresorcinarene 45 
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was also obtained in much lower yield (42%). The best results were invariably 
obtained when the acetals were freshly prepared and when the boron trifluoride 
etherate was freshly opened. A good indicator of the reaction was its colour. At the 
end of the boron trifluoride addition, when the reaction mixture was dark red, we 
generally obtained our best yields. If the reaction mixture turned black or dark 
brown the yields were often poor. The synthesis of the resorcinarene 24 was 
attempted at a lower temperature (-78°C) but no yield increase was observed. A 
slower rate of addition of the boron trifluoride etherate was attempted (over one 
hour using a syringe pump) but no yield increase was observed. Similarly, McGrath 
obtained the tetrabenzyloxyresorcinarene (R2: n-pentyl) in 51 % yield. 
2.2.3 Crystal structures of the tetraalkoxyresorcinarenes 
Crystals of the racemic resorcinarenes 21 (Rc methyl, R2: n-hexyl), 25 (RI: 
isopropyl, R2: undecyl), 39 (RC isopropyl, R2: 2-phenylethyl) and 27 (RI: 
cyc1opentyl, R2: n-pentyl) were obtained that were suitable for X-ray 
crystallographic analysis. All these compounds exhibited a C4 symmetry in solution 
in deuterated chloroform as judged from their IH NMR spectroscopic data. 
The crystals of resorcinarene 21 were obtained by slow recrystallisation 
from methanol at low temperature. The resorcinarene 21 in the solid state is isolated 
as the rccc crown conformer (all the alkyl chains cis and pseudo-axial) with four 
hydrogen bonds around the upper· rim part (not shown in Figure 2-5 for clarity). 
There are two molecules in the asymmetric unit, differing in the conformation of the 
alkyl groups and in the details of the hydrogen bonding. There is some disorder in 
one of the chains, modelled as 50% occupancy over two sets of atomic positions. 
Direct hydrogen bonds link the molecules into chains and two m()lecules of 
methanol are also present in the lattice, both hydrogen-bonded to the same 
resorcinarene unit (Figure 2-5). 
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CSA csc 
Figure 2-5: Crystal structure ofthe resorcinarene 21 (Hydrogen atoms, methanol 
molecules and hydrogen bonds are omitted for clarity) 
The crystals of resorcinarene 39 were obtained by slow recrystallisation from a 
mixture of ethanol/isopropanol (1: 1) at room temperature. The conformation of the 
resorcinarene 39 is the rccc crown controlled by four phenol-ether hydrogen bonds. 
The four isopropyl groups are directed towards the outside of the cavity. The 
conformation of one of the pendent phenethyl groups differs from the other three, 
probably due to edge-to-face and face-to-face 1t interactions (Figure 2-6). 
Cl2C 
I~~' C14' C158 
Cl1B~ ctJB CI68 
CtlA 12 C17B 
C12A GIBS 
CISC C13A 
C17C C14A 
C1SA 
Figure 2-6: Crystal structure of the resorcinarene 39 (Hydrogen atoms and solvent 
molecules are omitted for clarity) 
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The crystals of resorcinarene 25 were obtained by very slow recrystallisation 
from a mixture of isopropanolldichloromethane (9: 1) at low temperature. The rccc 
crown conformer exhibits the four hydrogen bonds around the upper rim of the 
resorcinarene 25 and a hydrogen bond with a molecule of solvent. There are two 
independent macro cycles in the asymmetric unit, along with one molecule of 
isopropanol. Several of the alkyl chains show some disorder; in four cases this has 
been modelled using two alternative positions for part of the chain. 
C21C 
Figure 2-7: Crystal structure of the resorcinarene 25 (Hydrogen atoms are omitted 
.... '. -" .. -
for clarity)' 
The most interesting behaviour in the solid state was presented by the resorcinarene 
25, as its long undecyl chains in the lower rim allowed an arrangement that is 
similar to a bilayer membrane; as we can see in the packing diagram (Figure 2-8), 
the alkyl chains interdigitate to give a membrane-like 2D sheet parallel to the ab 
plane, while the phenolic hydroxyl groups of the upper rim part form intermolecular 
hydrogen bonds. 
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a r--=~---------r--------, 
c 
Figure 2-8: Packing diagram of the resorcinarene 25 
The crystals of resorcin are ne 27 were obtained by very slowrecrystallisation 
from ethanol at low temperature. There are two independent molecules in the 
asymmetric unit, differing in the conformations of the alkyl chains. There is 
disorder in some of the chains and the most significant examples have been 
modelled with 50% occupancy of two alternative positions. Hydrogen bonds link 
the phenol and ether oxygen atoms in each macrocycle, stabilising the crown 
geometry. 
010 
Figure 2-9: Crystal structure of the resorcinarene 27 (Hydrogen atoms and solvent 
molecules are omitted for clarity) 
The tetraalkoxyresorcinarenes prepared all have the same geometry: an rccc crown 
with the four hydrogen bonds around the upper rim of the resorcinarene and the 
alkoxy groups facing towards the outside of the cavity. The geometry of the lower 
part of the resorcinarenes is less organised and each one of the examples exhibited a 
different arrangement. 
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2.3 Synthesis of the tetrabenzoxazines derivedfrom the tetraalkoxyresorcinarenes 
Our aim was to synthesise diastereomericall y pure tetrabenzoxazines and we 
decided to use the (R)-(+)-a-methylbenzylamine as the chiral amine. The Mannich 
reaction using the tetraalkoxyresorcinarenes did not proceed using the classical 
conditions described for the octahydroxy resorcinarenes by Matsushita. 16 The very 
low solubility of tetraalkoxyresorcinarenes in ethanol and the lower acidity of the 
remaining phenolic hydroxyl versus the phenolic hydroxyl of an octahydroxy 
resorcinarene indicated the need for a less polar solvent with a higher boiling point. 
The bis-(aminol)-ether had been previously used for the preparation of a 
tetrabenzoxazine derivative of a resorcinarene. 17 N-N-bis(methoxymethyl)-N-(R)-ct-
methylbenzylamine 8 and the corresponding tetraalkoxyresorcinarene were 
dissolved in toluene and the reaction was heated under reflux under nitrogen for 
several days (Scheme 2-20). 
HO.~OR RO~OH 
I "'" + I "'" 
4 4 
CSHll CSHll 
8 
toluene 
reflux 
R: isopropyl, 8 days 
R: cyclopentyl, 21 days 
42a: 26% 42b: 26% 
43a: 25% 43b: 24% 
Scheme 2-20:· Synthesis .ofthe telrabenzoxazines derived from the 
tetraalkoxyresorcinarenes 
The reactions were stopped when no further increase of the quantity of the desired 
product was observed in the 1H NMR spectrum of an aliquot of the crude mixture. 
After eight days using the tetraalkoxyresorcinarene 24 and twenty-one days using 
the tetracyclopentyloxyresorcinarene 27, the reaction solvent was removed and the 
tetrabenzoxazine diastereoisomers were separated using column chromatography. 
The tetrabenzoxazines were obtained in average yields: 26% for each of the 
diastereoisomers 42a and 42b; 25 and 24% for the diastereoisomers 43a and 43b 
respectively. Xylene was used as the reaction solvent to shorten the reaction times 
observed using toluene. The higher reaction temperature allowed us to shorten the 
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reaction time from eight days to five days in the synthesis of the tetrabenzoxazines 
42 and from twenty-one to fourteen days in the synthesis of tetrabenzoxazines 43. 
The reaction was attempted in xylene and in toluene using microwave technology 
(40 min, 100 W); only the starting materials were recovered. The reaction was 
attempted neat in the microwave (40 min, 100 W, 200 °C) and a complicated 
mixture of products was obtained with' no starting materials and no 
tetrabenzoxazines present. Recent experiments have shown that the high 
temperature resulted in the decomposition of the bis-(aminol) ether 8. Modification 
of the reaction conditions allowed us to successfully prepare the same 
tetrabenzoxazines in 80% overall yields (3 x 10 min, 100 W, 150 OC)18 It is worth 
noting that in all of the examples that we have studied so far, the benzoxazines that 
are eluted first from silica gel have either (aR,R) or (as,S) stereochemistries and 
crystallise. The other diastereoisomers, that is (aR,S) or (as,R) elute second and 
have not been obtained as crystals suitable for X-ray crystallography. 
Crystals of the tetrabenzoxazine 43a, obtained by slow recrystallisation from 
ethanol, were suitable for X-ray crystallographic analysis. However, the 
tetrabenzoxazines 42b and 43b did not crystallise using the same conditions. The 
tetrabenzoxazine 43a showed C4 symmetry in its NMR spectra. The compound 43a 
crystallised in the space group C2 with two independent half molecules in the 
asymmetric unit, so that the structure contains two independent molecules, each 
having a C2 axis (Figure 2-10). 
Figure 2-10: Solid state conformers of the tetrabenzoxazine 43a (hydrogen atoms 
and solvent molecules are omitted for clarity) 
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We were able to determine the absolute configuration of the first eluting compound 
43a as the (aR,R) diastereoisomer by knowing the stereochemistry of the amine 
used. The two conformers exhibited the same arrangement of the aromatic rings of 
the resorcinarene; they slightly differ in the arrangements of the alkyl chains and in 
the conformation of the cyclopentyloxy moiety. Due to the strong steric interaction 
and the loss of the hydrogen bonding around the ring, the resorcinarene presented a 
boat conformation, with two parallel aromatic rings and the two other aromatic 
rings in a plane perpendicular to the other aromatic rings. Similarly, the first eluting 
. tetrabenzoxazine 42a was identified as the (aR,R) diastereoisomer. 
2.4 Synthesis of diastereomerically pure tetraalkoxyresorcinarenes 
Another possible pathway to obtain non-racemic resorcinarenes would be the 
use of a chiral alkoxyalcohol in the Mitsunobu reaction to obtain an optically active 
resorcinol, which would in turn give a mixture of diastereoisomers of the 
resorcinarene. A simple route to these alkoxyalcohols is the reduction of the 
corresponding alkoxyesters using lithium aluminium hydride. We were particularly 
interested, for example, in the preparation of (R)-methyl 2-methoxy-2-phenylacetate 
44 as a precursor for (R)-2-methoxy-2-phenylethanol 45 (Scheme 2-21). 
OH 
~OH V .~ 
Base, Mel 
OMe OMe (J\roMe _L_iA_IH_4_ ~OH I"", 0 I"", 
.. ," - . 
, - .". -, .. 
44 45 
Scheme 2-21: Synthesis of2-methoxy-2-phenylethanol 45 
We decided to focus our attention on the synthesis of the alkoxyesters, and 
particularly on a synthesis that would not result in the loss of optical purity of our 
material. (R)-methyl 2-methoxy-2-phenylacetate 44 has been prepared previously on 
a small scale from (R)-mandelic acid using silver oxide and methyl iodide as both 
alkylating agent and solvent. 19 However, we desired to establish a high yielding and 
large scale route towards (R)-2-methoxy-2-phenylethanol 45 avoiding the use of 
methyl iodide as a solvent due to its high toxicity. 
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2.4.1 Synthesis of the alkoxyesters 
We decided to investigate the use of different bases prepared by deprotonation of 
dimethylsulfoxide (dimsyllithium and dimsylsodium). The results obtained were 
compared to the results obtained in reactions using sodium hydride and potassium 
hydride as the deprotonating agents. Different alkylating agents (methyl iodide and 
benzyl bromide) would be used in order to obtain a variety of alkoxyesters from 
which to synthesise the chiral resorcinarenes. (R)-Mandelic acid, 2-hydroxy-3-
methylbutanoic acid and (S)-lactic acid were used as models for our study (Scheme 
2-22). 
OH 
,l .OH 1-base/DMSO 
R1 If 2-R2X 2 h • 
o ' 
44: R1: phenyl, R2: methyl 
46: R1: methyl, R2: methyl 
47: R1: methyl, R2: benzyl 
48: R1: 2-methylpropyl, R2: methyl 
49: R1: 2-methylpropyl, R2: benzyl 
Scheme 2-22: Synthesis of alkoxyesters 
Dimsyllithium was obtained by the slow addition of butyllithium to 
dimethylsulfoxide at room temperature; dimsylsodium was obtained by heating a 
solution of sodium hydride in dimethylsulfoxide for two hours at 50-60 QC. Sodium 
hydride and' 'potassitlm . hydride were tisedas bases' at room temperature In 
dimethylsulfoxide. The hydroxy acid was then slowly added as a solution In 
dimethylsulfoxide. The alkyl halide was added in one portion after one hour. The 
methyl methoxyesterswere simply extracted from the reaction mixtures, whereas 
the benzyl benzyloxyesters were purified using column chromatography (Table 2-
5)20 
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Entry Hydroxy acid Base R2X 
Alkoxy 
Yield/% 
ester 
a (R)-mandelic acid NaHlDMSO Me! 44 74% 
MeSOCHzLi! >99.5% 
b (R)-mandelic acid Me! 44 
DMSO ee>99% 
MeSOCHzLil 78% 
c (S)-Iactic acid Me! 46 
DMSO ee>99% 
MeSOCHzLi! 
d (S)-Iactic acid BnBr 47 68% 
DMSO 
2-hydroxy-3- MeSOCHzLil 
e Me! 48 >99.5% 
methylbutanoic acid DMSO 
f 
2-hydroxy-3 - MeSOCHzNaI 
Me! 48 77% 
methylbutanoic acid DMSO 
2-hydroxy-3- MeSOCHzLil 
g BnBr 49 70% 
methylbutanoic acid DMSO 
h 
2-hydroxy-3-
NaHlDMSO Me! 48 48% 
methylbutanoic acid 
i 
2-hydroxy-3-
KHlDMSO· MeI 48 50% 
methylbutanoic acid 
3-hydroxybutanoic MeSOCHzLil 
J BnBr 50 56% 
acid DMSO 
----
k racemic tartaric acid 
MeSOCHzLi! 
Me! 51 20% 
DMSO 
I racemic tartaric acid 
MeSOCHzLil 
BnBr 52 18% 
DMSO 
Table 2-5: AJkylation of hydroxy-acids 
We obtained our best results using dimsyllithium as a base. The use of sodium and 
potassium hydride in dimethylsulfoxide, dimsylsodium and dimsyllithium allowed 
us to obtain 48%, 50%, 77% and 99% yields respectively of methyl 2-methoxy-3-
methylbutanoate 48. (R)-Methyl 2-methoxy-2-phenylacetate 44 was obtained in 
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74% yield using sodium hydride, and in quantitative yield using dimsyllithium. (S)-
Methyl 2-methoxy-propanoate 46 was obtained in 78% yield using dimsyllithium. 
Using benzyl bromide as the alkylating agent, we obtained benzyl 2-
benzyloxypropanoate 47, benzyl 2-benzyloxy-3-methylbutanoate 49 and 3-
benzyloxybutanoate 50 in 68%, 70% and 56% yields respectively. Furthermore, we 
did not observe any racemisation of the stereogenic centres in the preparations of 
(S)-methyl 2-methoxypropanoate 46 and (R)-methyl 2-methoxy-2-phenylacetate 44. 
The optical rotations matched those published in thy literature and chiral HPLC 
showed the presence of only one enantiomer. The synthesis using dimsyllithium 
was also carried out on a large scale (fifteen gram scale), and we were able to 
prepare up to twenty grams of 44 in a quantitative yield. We attempted to generalise 
the methodology to other potential alkylation targets. However, due to the 
nucleophilicity of the dimsyl anion, we were not able to isolate any alkylation 
products using ethyl lactate, diethyl tartrate and a- and ~-butyrolactone. The 
synthesis of dimethyl dimethoxybutandioate 51 (20% yield) and dibenzyl 
dibenzyloxybutandioate 52 (18% yield) showed that only a limited amount of the 
tetra-anion could be obtained. As a conclusion, the dimsyllithium procedure was 
experimentally easier and afforded us better yields than the other methods. 
2.4.2 SyntheSis oj a resorcinarene derivedjram (R)-mandelic acid 
(R)-2-Methoxy-2-phenylethanol 45 was prepared from (R)-mandelic acid using the 
pathway de~criped above (Scheme 2_21)20 (R)-2-Methoxy-2-phenylethano145was. 
obtained in 92% yield from (R)-maridelic acid over the two steps with no loss of 
optical purity: (R)-Methyl 2-methoxy-2-phenylacetate 44 was obtained in a 
quantitative yield from (R)-mandelic acid and the reduction of 44 using lithium 
aluminium hydride in tetrahydrofuran gave 45 in 92% yield. The phenol bearing the 
chiral alkoxy group was prepared using the Mitsunobu reaction under the same 
conditions as described above (Scheme 2-23)8 
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45. PPh3 • 
DIAD dropwise 
THF. 0 °C to rt 
53: R: methyl 50% 
54: R: phenyl 78% 
NaHC03 or KOH 
, 
methanollwater 
one day 
OMe 
Ph~OVOH 
55 81 % from 53 
93% from 54 
Scheme 2-23: Synthesis of3-«R)-2-methoxy-2-phenylethoxy)phenol 55 
Resorcinol monoacetate gave 40% yield over the two steps of the chiral 3-alkoxy-
phenol 55, but the best yields were obtained using resorcinol monobenzoate (73% 
of 55 over the two steps). We followed the procedure discussed above to prepare the 
tetraalkoxyresorcinarene 56 from the phenol 55 using hexanal or 1,1-
dimethoxyhexane and boron trifluoride etherate in dichloromethane (Scheme 2-24). 
OMe QMe 
OMe CSH11CHO or e"~~ H~~ Ph~OVOH CSH11CH(OMejz 1.& 1.& 1.& BF3.0Et2. DCM o °C to rt 4 4 
Cs 11 Cs 11 
55 30-60% 56a 56b 
Scheme 2-24: Synthesis of the resorcinarene 56 
- - ,. -
The reaction behaved capriciously with yields varymg from 30-60%, and, 
surprisingly, our best results were obtained using hexanaI. The diastereoisomers 
were separated and the reaction exhibited a slight selectivity in favour of the second 
eluting isomer (around 1.5: 1). At this point, we could not assign the absolute 
stereochemistry of the products. Moreno and McGrath attempted a large number of 
functionalisations (bromination, acetylation, esterification, Mannich reaction, 
Mitsunobu reaction) of both diastereoisomers. Unfortunately, all these attempts 
afforded either decomposition or the recovery of the starting material. The proof of 
the absolute configuration of the resorcinarenes 56a and 56b is discussed in the next 
section. 
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2.5 Conclusion 
In conclusion, we were able to prepare a large number of racemic inherently 
chiral resorcinarenes using 1, 1-dimethoxyalkanes and boron trifluoride etherate in 
good to excellent yields. Moreover, crystals of some of these resorcinarenes were 
obtained and analysed using X-ray crystallography. Further work was conducted to 
synthesise enantiomerically pure resorcinarenes from the racemic materials, and the 
tetrabenzoxazines 42 and 43 were prepared using a procedure developed in the 
research group. Crystal structure from (aR,R)-42a and (aR,R)-43a were obtained 
while the other diastereoisomers failed to crystallise. In parallel, the 
diastereomerically pure tetraalkoxyresorcinarenes 56a and 56b were also obtained 
using the chiral alcohol 55, and were isolated using column chromatography. 
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3 Resolution of the absolute configuration of the 
tetraalkoxyresorcinarenes 
Our next objective was to assign the absolute configuration of both enantiomers 
of the tetraalkoxyresorcinarenes and of the two diastereoisomers of the 
resorcinarene 56. Fortunately, we were able to obtain crystal structures of the 
diastereoisomers 42a and 43a of the tetrabenzoxazines, which. allowed us to 
determine their absolute configuration. The determination of the absolute 
configuration of a tetraalkoxyresorcinarene was recently published by Mattay21 
Using the appropriate methodologies, we should be able to isolate enantiomerically 
pure tetraalkoxyresorcinarenes and treat them with the corresponding bis-( aminol) 
ether to synthesise the corresponding tetrabenzoxazines. The spectroscopic data of 
the diastereomerically pure benzoxazine synthesised should be compared to the data 
previously obtained and, by comparison of data, the absolute configurations of both 
enantiomers would be determined (Scheme 2-25). 
Functionalisation using the apropriate chiral 
auxiliary, separation of the diastereoisomers, 
removal of the chiral auxiliary 
4 
R 
Synthesis of products 
of known absolute 
configuration 
Scheme 2-25: Determination of the absolute configuration of the 
tetraalkoxyresorcinarenes 
Mattay used (S)-camphorsulfonyl chloride as a chiral auxiliary to separate the 
enantiomers of an octahydroxy resorcinarene (Scheme 1_67)22 Mocerino and 
McIldowie have also prepared a number of tetra-(S)-camphorsulfonates23 Our first 
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objective was to isolate both enantiomers of the resorcinarene 24 and the 
resorcinarene 27 in optimised yields. 
3.1 Synthesis of the diastereomerically pure resorcinarenes 
We decided to test two methodologies to prepare the target diastereoisomers: 
- The tetraalkoxyresorcinarene was dissolved in pyridine and a catalytic amount of 
DMAP was added. Half the quantity of the chiral auxiliary was added and the 
reaction was heated under reflux; twenty-four hours later the rest of the chiral 
auxiliary was added and the reaction was stirred a further twenty-four hours under 
reflux. 
- The tetraalkoxyresorcinarene was dissolved in dry tetrahydrofuran and the solution 
was cooled to -78°C. n-Butyllithium (1 to 8 eq.) was added to the solution and the 
reaction mixture was stirred for two hours. The chiral auxiliary was then added as a 
solution in dry tetrahydrofuran (Scheme 2-26). 
H0»00R R0»00H I ...,;:: + I...,;:: 
4 4 
CsH11 CSH11 
R: isopropyl 24 
R: cyclopentyl 27 
(i) or (ii) 
R: isopropyl 57a 
R: cyclopentyl 58a 
R: isopropyl 57b 
R: cyclopentyl 58b 
~): 8 eq. commercially available camphorsulfonyl chloride, DMAP, pyridine, reflux 
~i): 1-3 eq. BuLi, THF, -78·C 
2- 3 eq. commercially available camphorsulfonyl chloride 
Scheme 2-26: Synthesis of the camphorsulfonate-derived resorcinarenes 
Unfortunately, the use of the commercially available camphorsulfonyl chloride 
afforded the monocamphorsulfonates 57a-b and 58a-b in very poor yield (Table 2-
6). We mainly recovered the starting material ("'60% in all the experiments) from 
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the reaction mixture. Furthermore, the difference of polarity between each 
diastereoisomer was very small, causing the separation to be problematic. 
Entry Resorcinarene Reaction conditions Product Yield/O/O 
. 
Pyridine, DMAP, 8 eq. 57a 14% 
a (±)-24 
chiral auxiliary, reflux 57b 14% 
3 eq. BuLi, THF 57a 15% 
b (±)-24 
3 eq. chiral auxiliary 57b 15% 
3 eq. BuLi, THF 58a 13% 
c (±)-27 
3 eq. chiral auxiliary 58b 13% 
Table 2-6: Use of the commercially available chiral auxiliary 
The quantity of starting material recovered was surprisingly high usmg n-
butyIlithium as a deprotonating agent, and as we soon realised the commercially 
available camphorsulfonyl chloride was partly hydrolysed. We decided to prepare 
the chiral auxiliary using thionyl chloride and camphorsulfonic acid prior to every 
attempt to synthesise the compounds 57 and 58 (Scheme 2-27). 
Reflux. 2 h 
.. 
95% 
59 
Scheme 2-27: Synthesis of the (S)-(+)-camphorsulfonyl chloride 59 
The experiments described above were repeated using the freshly prepared chiral 
auxiliary 59. The yield of the synthesis was, as expected, greatly improved in all the 
cases and resorcinarenes bearing two camphorsulfonate moieties were isolated 
alongside the monocamphorsulfonate resorcinarene. The pyridinelDMAP procedure 
only afforded the diastereoisomers 57 a and 57b in 28% yield each. The 
deprotonation of the tetraalkoxyresorcinarene using 2.1 eq. ofbutyllithium followed 
by the addition of the (S)-(+)-camphorsulfonyl chloride 59 gave an improved yield 
of the resorcin are ne derivatives 57 and 58 (22-25%), and afforded the unexpected 
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resorcinarene di-derivatives 60 and 61 (8-11%); Mattay reported the marginal 
presence of such compounds24 The temperature did not influence the ratio of 
products in the synthesis as the yield of each compound was similar when the 
reactions were conducted at room temperature. Experimentally, the major advantage 
was the difference in polarity between each of the diastereoisomers of the 
compounds 60 and 61; the purification and isolation of each of the diastereoisomers 
were hugely facilitated (Table 2-7). 
Reaction Yield/% of mono- Yield/% of di-
Entry SM 
conditions camphorsulfonate camphorsulfonate 
Pyridine, DMAP, 57a28% . 60a 0% 
a (±)-24 
8 eq. 61, reflux 57b 28% 60b 0% 
2.1 eq. BuLi, THF, 57a 25% 60a 8% 
b (±)-24 
2.1 eq. 61, -78 °C 57b 25% 60b 8% 
2.1 eq. BuLi, THF, 57a24% 60a9% 
c (±)-24 
2.1 eq. 61, rt 57b 24% 60b 9% 
2.1 eq. BuLi, THF, 58a 23% 61a 11% 
d (±)-27 
2.1 eq. 61, -78 °C 58b 23% 61b 11% 
2.1 eq. BuLi, THF, 58a 22% 61a 10% 
e (±)-27 
2.1 eq. 61, rt 58b22% 61b 10% 
Table 2-7: Use of the freshly prepared chiral auxiliary 
We confirmed the presence of two camphorsulfonate moieties using IH NMR 
spectroscopy (detection of two AB signals for the methylenes 02SCH2C and 
detection of two phenolic hydroxyl protons) and MALDI-TOF mass spectrometry 
experiment (theoretical [M+NaJ+ data matching the observed one at mlz 1387.6, 
1388.8, 1389.8). We could not determine whether we obtained the distaUy or the 
proximally disubstituted resorcinarene only based on the spectroscopic data (Figure 
2-11): 
) 
- The variable temperature NMR experiment did not show any coalescense; the two 
AB signals tended to be identical as the temperature increased. 
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- All our attempts to crystallise any of the mono- and dicamphorsulfonate-derived 
resorcinarenes failed (various three-solvent systems, complexation with different 
metals). 
RO 
~ h 
HO pSHl1 CsH! OR 
OR I "> 
RO "" O-S~2 
60 R: isopropyl 
61 R: cyclopentyl 0 
Figure 2-11: Two possible regioisomers of the dicamphorsulfonates (only one 
diastereoisomer is represented) 
The greater facility to separate the dicamphorsulfonate diastereoisomers 
encouraged us to attempt to synthesise tri- and tetracamphorsulfonate-derived 
resorcinarenes. Although Moreno and Mocerino were able to isolate both the tri-
and the tetracamphorsulfonate tetramethoxyresorcinarenes similar to 62 using two 
different methods (butyllithium deprotonation and heating under reflux in pyridine); 
we were unable to functionalise more than two phenolic hydroxyl groups on the 
tetraisopropyloxy- and the tetracyclopentyloxyresorcinarenes. In order to avoid any 
doubt about the possible experimental errors, reactions with each of the 
tetraalkoxyresorcinarenes were carried out on the same day. We then attempted to 
functionalise the three resorcinarenes 22, 24 and 27 using the two previously 
successful procedures (Scheme 2-28). 
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22 R: methyl 
O~~ 
RO~6 1.& 
4 
Cs 11 
R: methyl 62a 30-33% yield 
62b 30-33% yield 
Scheme 2-28: Synthesis of the tetracamphorsulfonate resorcinarenes 
Only the resorcinarene 22 afforded the tetracamphorsulfonates 62a and 62b in good 
yields under the reaction conditions studied without any di-camphorsulfonate 
isolated alongside (30-33% for each diastereoisomer), whereas the resorcinarenes 
24 and 27 gave the dicamphorsulfonates independent of the solvent used, the 
deprotonation method and the reaction temperature (Table 2-8). 
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Starting Reaction Yield/% of the Yield/% of the 
Entry 
material conditions di-derivatives tetra-derivatives 
Pyridine, 62a 30% 
a (±)-22 Not isolated 
8 eq. 59, reflux 62b 30% 
8 eq. BuLi, THF, 62a 33% 
b (±)-22 Not isolated 
8 eq. 59, -78 QC 62b 33% 
Pyridine, 60a 35% 
c (±)-24 Not detected 
8 eq. 59, reflux 60b 35% 
8 eq. BuLi, THF, 60a 41% 
d (±)-24 Not detected 
8 eq. 59, -78 QC 60b 41% 
8 eq. BuLi, THF, 60a40% 
e (±)-24 Not detected 
8 eq. 59, -20 QC 60b 40% 
8 eq. BuLi, THF, 60a 41% 
f (±)-24 Not detected 
8 eq. 59, 0 QC 60b 41% 
Pyridine, 61a 23% 
g (±)-27 Not detected 
8 eq. 59, reflux 61b 23% 
8 eq. BuLi, THF, 61a 28% 
h (±)-27 Not detected 
8 eq. 59, -78 QC 61b 28% 
8 eq. BuLi, THF, 61a 28% 
I (±)-27 Not detected 
8 eq. 59, -20 QC 61b 28% 
8 eq. BuLi, THF, 61a 26% j (±)-27 Not detected 8" eq. 59, 0 QC 61b 26% 
. .... 
Table 2-8: Attempts to synthesise the tetracamphorsulfonate resorcinarenes 
Moreno successfully synthesised the tetracamphorsulfonate derivatives 62a-b using 
the corresponding dicamphorsulfonate-derived resorcinarene as starting material. 
We also attempted to synthesise the tetracamphorsulfonate-derived resorcinarenes 
starting from the dicamphorsulfonate-derived resorcinarenes 60a-b and 61a-b; and 
only the starting material was isolated from the reaction mixtures (Table 2-9). 
III 
Starting Reaction Product 
Entry 
material conditions obtained 
60a-b 
4 eq. BuLi, THF, Starting material 
a 
4 eq. 59, O°C recovered 
b 60a-b 
4 eq. BuLi, THF, Starting material 
4 eq. 59, rt recovered 
61a-b 
4 eq. BuLi, THF, Starting material 
c 
4 eq. 59, 0 °C recovered 
d 61a-b 
4 eq. BuLi, THF, Starting material 
4 eq. 59, rt recovered 
Table 2-9: Attempted synthesis of the tetracamphorsulfonate-derived resorcinarenes 
We prepared the tetracamphorsulfonate-derived resorcinarenes 62a-b but failed in 
all our other attempts to synthesise the tetracamphorsulfonate derivatives from the 
tetraalkoxyresorcinarenes 24 and 27. Two factors could be playing a role in our 
failure: n-butyllithium would not deprotonate all four phenolic hydroxyls, which 
would be unlikely as we were' able to synthesise the tetracamphorsulfonate 
derivatives from the tetramethoxyresorcinarene. Moreover, the tetra-anion of the 
tetraisopropyloxyresorcinarene was obtained using n-butyllithium as a base to 
prepare the tetramethoxymethylresorcinarene 63a. 
HO~OR I~ 
4 
C5H" 
24 R isopropyl 
22 R: methyl 
',. ,',' .'" 
MeO OMe 
1- n-BuLl, '1 ( 
THF, - 78 ·C O~OR Rtort00 
2- MOM~I I ~ + I ~ 
4 4 
C5H" C5 " 
63a R: isopropyl 46% 
63b R: methyl 90% 
Scheme 2-29: Synthesis ofresorcinarenes 63a and 63b via tetra-anions 
We were thus led to believe that the tetra-anion was effectively present in the 
reaction mixture. The other factor involved could be that the combined bulk of the 
alkyl groups and the two camphorsulfonate moieties prevented further 
functionalisation. The higher yield obtained in the synthesis of resorcinarene 63b 
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(90% versus 46% in the synthesis of resorcinarene 63a) could be seen as further 
evidence of the influence of the steric factor. 
While attempting to crystallise a fraction of the resorcinarene 60a recovered 
after a reaction conducted at room temperature, fine white needles appeared in the 
sample. Unfortunately, the needles were an impurity representing less than 5% of 
the sample (Figure 2-12). 
Figure 2-12: Impurity in the dicamphorsulfonate 
The X-ray data showed a network of hydrogen bonds between CI2H and CIIH, and 
02 and 03 of the sulfonate moiety or 01 from the carbonyl. The fragmentation of 
tetrahydrofuran at room temperature in the presence of n-butyllithium is a possible 
explanation for the formation of the impurity (Scheme 2-30). 
+ H+ 
- -
Scheme 2-30: Hypothetic mechanism of the formation ofthe impurity 
In spite of all our efforts, we were not able to obtain definite proof of the structure 
of the dicamphorsulfonate-derived resorcinarenes; the data collected was not 
conclusive. However, we believe that a distaUy substituted dicamphorsulfonate is· 
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the most likely regioisomer in terms of steric hindrance. Furthermore, we may 
assume that a proximally substituted dicamphorsulfonate derivative would be more 
likely to undergo further functionalisation than the distal regioisomer. 
3.2 Removal of the chiral auxiliary 
The removal of the chiral auxiliary was described by Mattay.22 The sulfonate 
moiety was hydrolysed in basic conditions in a mixture water/ethanol. The 
hydrolysis of the monocamphorsulfonate derivatives 57 and 58 gave the chiral non-
racemic tetraalkoxyresorcinarenes 24 and 27 (Scheme 2-31). 
~S-O 
OH 
HO 
57a-b R: isopropyl 
58a-b R: cyclopentyl 
aq NaOH 20% RO~O~. 
ethanol,12h 
reflux C H 
5 11 
R: isopropyl (+)-24 or (-)-24 
R: cyclopentyl (+)-27 or (-)-27 
Scheme 2-31: Removal of the chiral auxiliary 
The resorcinarenes (+)-24, (-)-24, (+)-27 and (-)-27 were obtained in good yields 
(75-89%) from the corresponding monocamphorsulfonates derivatives. The removal 
of two camphorsulfonate' moieties was incorripleteafl:er twelve hours, and' the 
reaction was left to run for a further twelve hours to give the chiral non-racemic 
resorcinarenes (+)-24, (-)-24, (+)-27 and (-)-27 in 63 to 83% yields. Similar 
reaction conditions failed to yield the. tetramethoxyresorcinarenes from the 
tetracamphorsulfonate derivatives; the latter were heated under reflux in a solution 
of ethanolic potassium hydroxide for twenty-four hours to afford the desired chiral 
non-racemic tetramethoxyresorcinarenes (+)-22 and (-)-22 in 65% and 67% yields, 
respectively (Table 2-10). 
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Entry 
Starting 
Reaction conditions Product Yield/% 
material 
57a 
Aqueous NaOH 20%, ethanol, (+)-24 89% a 
reflux 12 h 
b 57b 
Aqueous NaOH 20%, ethanol, (-)-24 83% 
reflux 12 h 
60a 
Aqueous NaOH 20%, ethanol, (+)-24 83% c 
reflux 24 h 
d 60b 
Aqueous NaOH 20%, ethanol, (-)-24 83% 
reflux 24 h 
58a 
Aqueous NaOH 20%, ethanol, (+)-27 75% e 
_ reflux 12 h 
f 
Aqueous NaOH 20%, ethanol, (-)-27 78% 58b 
reflux 12 h 
61a 
Aqueous NaOH 20%, ethanol, (+)-27 63% g 
reflux 24 h 
h 
Aqueous NaOH 20%, ethanol, (-)-27 76% 61a 
reflux 24 h 
1 62a NaOH 20% in ethanol, reflux 24 h (+)-22 65% 
J 62b NaOH 20% in ethanol, reflux 24 h (-)-22 67% 
- -
- -
Table 2-10: Solvolysis of the camphorsulfonate-derived resorcinarenes 
We observed that all the first eluting diastereoisomers of each of the 
camphorsulfonate-derived resorcinarenes invariably yielded the (+)-enantiomer. 
Moreno observed the same pattern when studying the removal of the 
camphorsulfonate functionality from the first eluting mono-, di- and 
tricamphorsulfonate derivative diastereoisomers prepared from the resorcinarene 22. 
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3.3 Determination of the absolute configuration of the racemic 
tetraalkoxyresorcinarenes 
The final step of the determination of the absolute configuration was the 
synthesis of the tetrabenzoxazine from one enantiomer from the tetraalkoxy-
resorcinarenes 24 and 27 under the reaction conditions described above (Scheme 2-
32). 
PhI" 
8 (+)-24 ~ WNi o "" 0 10 toluene, reflux 8 days 4 
CSH11 
58% (as,R) diastereoisomer 42b 
8 (-)-27 ~ 
toluene, reflux 
20 days 
PhI" 6~? 
~4 
CSH11 
54% (aR,R) diastereoisomer 43a -
Scheme 2-32: Synthesis of the tetrabenzoxazines from the chiral non-racemic 
resorcinarenes 
We obtained the diastereoisomer 42b III 58% yield starting from the 
tetraisopropyloxyresorcinarene (+)-24, and the diastereoisomer 43a in 54% yield 
from the tetracyc1opentyloxyresorcinarene (-)-27. Moreno prepared the 
tetrabenzoxazine from the (+ )-tetramethoxyresorcinarene 22 using N-N-
bis(methoxymethyl)-N-(S)-a-methylbenzylamine in xylene (Scheme 2-33). 
59% (as,S) diastereoisomer 74 
Scheme 2-33: Synthesis of the tetrabenzoxazine 74 
As previously reported, the (aR,R) or (as,S) diastereoisomers in the benzoxazines 
synthesised are eluted first and crystallise from ethanol." The tetrabenzoxazine 74 
was obtained as the (as,S)-diastereoisomer. We could now determine the absolute 
configuration of each enantiomer by comparison of the IH NMR spectra and the 
optical rotation of the products obtained. (Figure 2-13). 
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y 
fCeJ°H I"" 4 
C5H11 
(aR)-tetraisopropyloxy-
resorcinarene 
(+)-24 
9 HofCc00 
I"" 
4 
C5H11 
(as)-tetracyclopentyloxy-
resorcinarene 
(-)-27 
I 
fCeJ°H I"" 4 
C5H11 
(aR)-tetramethoxy-
resorcinarene 
(+)-22 
Figure 2-13: Absolute configuration of the resorcinarenes 22,24 and 27 
We obtained the (+)-tetraisopropyloxyresorcinarene 24 as the (aR) enantiomer, the 
(-)-tetracyclopentyloxyresorcinarene 27 as the. (as) enantiomer and the (+)-
tetramethoxyresorcinarene 22 as the (aR) enantiomer. Very recently, Mattay 
reported the determination of the absolute configuration of a tetramethoxy-
resorcinarene (Scheme 1_69)21 To our surprise, the configuration reported was 
different from the configuration that we had found. We verified our data and the 
data presented in his publication, mainly a crystal structure, and we could not find 
any of our evidence at fault. We repeated his work to resolve the discrepancy; and, 
after a communication from the author, our results were confirmed.25 
3.4 Determination of the absolute configuration of the resorcinarenes derived 
from (R)-mandelic acid 
This part of the work. was carried. out in collaboration with Moreno. Prior to 
the resolution of the absolute configuration of the tetraalkoxyresorcinarenes, we 
would have been unable to determine the absolute configuration of the resorcinarene 
56. However, we could functionalise one of the diastereoisomers of the 
resorcinarene 56 and one of the enantiomer of the resorcinarene 22 to obtain the 
same compound and deduce the absolute configuration of the resorcinarenes 56 
(Scheme 2-34). 
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OMe OMe 
Ph~O~OH ? Ph~O~OMe ? I~ - I~-
4 4 
CSH11 64 CSH11 
H°tcGoMe I~ 
4 
(-)-22 CsH 11 
Major or minor 
diastereoisomer? 
Scheme 2-34: Resolution of the absolute configuration of the resorcinarene 56 
As discussed above, the previous attempts to functionalise the resorcinarene 56 had 
failed. However, we had not previously tried to methylate the four phenolic 
hydroxyl groups. Moreno then attempted a Mitsunobu reaction (4 days under 
tetrahydrofuran reflux or twenty minutes in the microwave at 100 W) and 
decomposition products were recovered. Methylation using diazomethane also 
failed. Finally a methylation in acetonitrile heated under reflux using methyl 
tosylate and potassium carbonate as a base succeeded and afforded the desired 
compounds. The resorcinarene 64a was obtained in 55% yield from the minor 
diastereoisomer and the resorcinarene 64b in 70% yield from the major 
diastereoisomer26 
In order to synthesise the resorcinarenes 64 starting from the tetramethoxy-
resorcinarene 22, (R)-2-methoxy-2-phenylethyl methanesulfonate 65 and (R)-2-
methoxy-2-phenylethyl p-toluene-sulfonate 66 were prepared starting from (R)-2-
methoxy-2-phenylethanol 45 (Scheme 2-35) . 
. 
OMe MsCI, Et3N OMe TsCI, Et3N OMe 
~OMS DMAP ~OH DMAP ~OTS I~ DCM, 2 h I~ DCM, 6 h I~ 
65 45 66 
87% 75% 
Ms: methanesulfonyl Ts: p-toluenesulfonyl 
Scheme 2-35: Synthesis of alkylating reagents 65 and 66 
The (R)-2-methoxy-2-phenylethanol 45 was dissolved in dichloromethane, and 
triethylamine and a catalytic amount of DMAP were added. Methane- or 
toluenesulfonyl chloride was added to afford respectively the mesylate 65 in 87% 
yield or the tosylate 66 in 75% yield. To optimise the reaction conditions to prepare 
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the resorcinarenes 64, the racemic tetramethoxyresorcinarene 22 was treated either 
with caesium carbonate or potassium carbonate using either the mesylate 65 or the 
tosylate 66 in acetonitrile (Scheme 2-36). 
OMe 
Ph~~OOMe 
: I ~ 
HO OMe i MeO OH CS2C03 or K2C03 4 Prt"" i tcSi"" 650r66 Cs 11 ~ : ~ MeCN QMe 4 : 4 reflux -Cs 11 i Cs 11 7 days Me~OO~Ph 
: I ~ 
4 {±)-22 Cs 11 
Scheme 2-36: Synthesis of the resorcinarenes 64 
64a 
64b 
The racemic tetramethoxyresorcinarene (±)-22 was dissolved in acetonitrile, the 
base and the sulfonate 65 or 66 were added, and the reaction mixture was heated 
under reflux. The mixtures of diastereoisomers of the resorcinarene 64 were 
obtained in 55-56% yield using the toluenesulfonate 66 and in 62% yield using the 
methanesulfonate 65 (Table 2-11). 
Ratio 64b 
Entry Reaction conditions Yield/% 
164a 
a 12 eq. K2C03, 8 eq. 65, MeCN, reflux 7 d 55% 2:1 
1--. 
b 12 eq. CS2C03, 8 eq. 65, MeCN, reflux 7 d 56% 2:1 
c 12 eq. K2C03, 8 eq. 66, MeCN, reflux 7 d 62% 2:1 
. 
d 12 eq. CS2C03, 8 eq. 66, MeCN, reflux 7 d 62% 2:1 
Table 2-11: Optimisation of the alkylation reaction 
Similarly to the synthesis of the resorcinarene 56, the products from the 
alkylation of the racemic resorcinarene 22 were not obtained in equal quantities. 
The reaction seemed to occur more slowly for one of the enantiomers, as one of the 
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impurities of the reaction might be the trialkylated product (three methoxy signals 
from the phenylethoxy residue seen in the IH NMR spectrum) alongside the 
remaining tosylate 66 or mesylate 65. This observation was vindicated when the IH 
NMR spectra of resorcinarenes 64a-b were analysed. The minor diastereoisomer 
exhibited broad signals in the alkoxy region of the spectrum at room temperature, 
whereas the major isomer showed sharp peaks in the same region. When the IH 
NMR spectrum was recorded at 100°C, the peaks were sharp and the two 
diastereotopic protons from the alkoxy residue were resolved. This might indicate 
that conformational and steric factors could explain a slower alkylation. 
Furthermore, from the comparison of the IH NMR spectra of the compounds 
obtained by Moreno and the spectra of the compounds obtained by alkylation of the 
racemic tetraalkoxyresorcinarene 22, the minor diastereoisomer 64a was generated 
from the minor tetraalkoxyresorcinarene 56a, and the major diastereoisomer 64b 
from the major tetraalkoxyresorcinarene 56b. The base did not have any influence 
on the reaction; potassium carbonate and caesium carbonate afforded, the 
resorcinarenes 64 in the same yields and the ratio of second eluting/first eluting 
diastereoisomer was also unchanged. The mesylate afforded a slightly better yield 
than the tosylate but the ratio of diastereoisomers remained the same independent of 
the conditions. To improve the yield and reduce the reaction time, the reaction was 
attempted using microwave technology. However, under these conditions, only the 
starting material was recovered (twenty minutes, 80°C, 100 W). We could now 
prepare the resorcinarenes 64 from the chiral non-racemic resorcinarenes (+)-22 and 
(')-22 (Scheme 2-37)_ 
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OMe 
M'~ 65, K2C03 M~PtlPO ~) 56b I~ I~ the second eluting 
- and Major 4 MeCN, reflux 4 
C5 11 7 days C5 11 
diastereoisomer 
(+)-22 61% 64b 
OMe 
H~e 66, CS2C03 Ph~~ ~i) 56a I ~ 4 I~ the first eluting - and minor MeCN, reflux 4 diastereoisomer 
C5H11 
10 days C5 11 
(-)-22 49% 64a 
Q) Moreno synthesised 64b from 56b in 70% yield 
(ii) Moreno synthesised 64a from 56a in 55% yield 
Scheme 2-37: Synthesis of the diastereoisomers 64a-b 
The tetramethoxyresorcinarene (+)-22 was alkylated using the (R)-2-
methoxy-2-phenylethyl methanesulfonate 65 and potassium carbonate, and gave the 
resorcinarene (as,R)-64b in 61% yield, while the tetramethoxyresorcinarene (-)-22 
gave the resorcinarene (aR,R)-64a in 49% yield from the (R)-2-methoxy-2-
phenylethyl toluenesulfonate 66. The absolute configurations of the 
diastereoisomers 56a and 56b were then deduced (Figure 2-14). 
OMe 
H~OO~Ph I~ 
4 
. , ,... C5 11 
Major: (as,R)-56b 
OMe 
Ph~Mi 
Minor: (aR,R)-56a 
Figure 2-14: Absolute configuration of the resorcinarenes 56 
The major (second eluting) diastereoisomer 56b was the (as,R}-tetra(2-methoxy-2-
phenylethoxy)-resorcinarene, and the minor (first eluting) diastereoisomer was the 
(aR,R}-tetra(2-methoxy-2-phenylethoxy)-resorcinarene. 
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3.5 Conclusion 
The use of the camphorsulfonic acid as a chiral auxiliary in the resolution of the 
enantiomers of the racemic tetraalkoxyresorcinarenes afforded a series of mono-
and dicamphorsulfonate derivatives of resorcinarenes in good yields. However the 
tri- and tetracamphorsulfonate resorcinarenes were only obtained starting from the 
tetramethoxyresorcinarene 22. At this time, we are still unable to confIrm the 
regiochemistry of the dicamphorsulfonates; we believe the two moieties to be distal 
but no conclusive evidence was found. We are currently attempting to crystallise 
both diastereoisomers. The removal of the chiral auxiliary allowed us to isolate both 
enantiomers from the resorcinarenes 22, 24 and 27. Synthesising the 
tetrabenzoxazines from the chiral non-racemic resorcinarenes and comparing the 
NMR spectra obtained, we were able to determine the absolute confIguration of the 
tetraalkoxyresorcinarenes 22, 24 and 27. In the series, the (+)-enantiomer 
corresponds to the (aR)-resorcinarene and the (-)-enantiomer to the (as)-
resorcinarene.25 
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4 Dialkylzinc addition to benzaldehydes 
In 1984, Oguni and Omi reported the enantioselective addition of diethylzinc 
to benzaldehyde catalysed by chiraI2-amino-l-alcohols to yield I-phenyl-propan-l-
01 in 50% ee;27 nowadays most of the modern ligands induce enantiomeric excesses 
greater than 90%.28 The reaction is now used as a tool in asymmetric catalysis to 
design better ligands and has been reviewed extensively29,30 Many ligands have 
been studied, from the first amino-alcohol,27 to the more complex bridged 
resorcinarene reported by Hunter and ourselves31 A recent example involved the 
use of a polymer-supported amino thioester ligand giving the I-phenylpropan-l-01 
in up to 86% ee.32 
Dialkylzincs are unreactive to simple carbonyl compounds due to absence of 
polarity in the zinc-alkyl bond. The reaction proceeds by the coordination of donor 
atoms to the zinc which modifies the geometry of the dialkylzinc (from a linear to a 
bent geometry) and increases the donor character of the alkyl part and the acceptor 
character of the zinc, resulting in the activation of the alkyl-zinc bond and a greater 
reactivity towards the carbonyl group. We believed that the tetrabenzoxazines 42a 
and 43a could prove to be good ligands to diethylzinc; the nitrogen and oxygen 
atoms from the benzoxazine as well as the oxygen atoms from the alkoxy group 
could be donor atoms involved in the coordination. We were also aware that the 
usualligands possess either a hydroxyl, thiol or and amino moiety. We could study 
the effect ofthe alkoxy group on the selectivity arid the efficiency of the ligand by 
varying the dialkylzinc and the aldehyde. 
4.1 Diethylzinc addition to benzaldehyde and 4-substituted benzaldehydes 
The tetrabenzoxazines were evaluated as catalysts in the addition of 
diethylzinc to benzaldehyde and were compared to other potential Iigands. For 
example, to determine the effect of the resorcinarene, the enantiomeric excess 
obtained using a simple benzoxazine and the tetrabenzoxazine were compared. The 
model ligand was the benzoxazine synthesised from p-cresol, (R)-(+)-a-rnethyl-
benzylamine and paraformaldehyde using a Mannich reaction (Scheme 2-38). 
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(Y0H 
~ 
Phy (R)-a-methylbenzylamine 
paraformaldehYde: NaOH~NI 
ethanol 0 
reflux 12 hi"" 
o 
78% 67 
Scheme 2-38: Synthesis of model ligand 67 
Benzoxazine 67 was obtained by crystallisation from the reaction mixture upon 
cooling in 78% yield. We could now test this compound as a ligand for the 
diethylzinc addition to benzaldehyde. We investigated the addition using the 
tetrabenzoxazines previously prepared (Figure 2-15). 
y 
o 74 
Figure 2-15: Potential catalysts for the dialkylzinc addition to benzaldehyde 
We decided to use a procedure described by Noyori?3 Prior to the reaction, 
benzaldehyde was distilled under reduced pressure. The catalyst (1 mol%) was 
dissolved in toluene in absolutely dry glassware, the mixture was cooled to 0 °C, 
and diethylzinc was added to the mixture. The reaction was stirred for thirty 
minutes. The reaction mixture was cooled to - 78 °C. The benzaldehyde was added 
in one portion, the reaction mixture was allowed to reach room temperature and the 
reaction was stirred for twelve hours (Scheme 2-39). 
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ligand, Et2Zn 
toluene 
-78 ·C-Ht 
68 
Scheme 2-39: Diethylzinc addition to benzaldehyde 
After an acidic workup, the crude sample was submitted for 'H NMR spectroscopy 
and the enantiomeric excess was determined by chiral GC on a ,B-cyclodextrin 
stationary phase at 125°C. The absolute configuration of the product was 
determined by measure of the optical rotation. The tetrabenzoxazines 42a-b and 
43a-b were all used as potentialligands. The addition using the tetrabenzoxazine 74 
as a ligand was attempted by McGrath (Table 2-12). 
Entry Ligand Product Conversion ee 
a (R)-67 (S)-68 57% 18% 
b (as,S)-74 (R)-68 95% 39% 
c (aR,R)-42a (S)-68 95% 83% 
d (as,R)-42b (S)-68 95% 5% 
e (aR,R)-43a (S)-68 65% 58% 
f (as,R)-43b (S)-68 53% 5% 
g 56a S.M. 
Table 2-12: Diethylzinc addition to benzaldehyde 
, 
Using the benzoxazine (R)-67, 1-phenylpropan-1-01 was obtained as the S-
enantiomer in 18% ee. McGrath reported the preparation of (R)-68 in 39% ee using 
the tetrabenzoxazine (as,S)-74. The addition was attempted with the resorcinarene 
56a and 1-phenylpropan-1-01 was not isolated from the reaction mixture. In our 
study, the nitrogen atom of the benzoxazine seemed to be indispensable to catalyse 
the reaction; we assumed that the two phenolic oxygen atoms are not strong enough 
donors to activate the alkyl-zinc bond as shown when using the resorcinarene 56a. 
Using 42a, benzaldehyde was almost completely converted and we obtained 83% ee 
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of (S)-68; using 42a, (S)-68 was obtained in 58% ee in a poor conversion rate of 
65%. We attempted the experiment using higher quantities of catalyst (3 mol%) and 
we could slightly improve the conversion rates (100% after twelve hours). The 
tetrabenzoxazines afforded better enantiomeric excesses than the ligand (R)-67 
which indicated that the resorcinarene part of the catalyst played an important role 
in obtaining a better enantiomeric excess. Interestingly, the size of the alkoxy group 
influenced the enantiomeric excess in an unexpected manner (isopropyl > 
cyc10pentyl > methyl). The cyc10pentyl group could generate a steric hindrance in 
the addition that could slow down the reaction and give poorer ee than expected. 
The benzoxazines 42b and 43b afforded the phenylpropan-l-ol with very poor 
enantioselectivities (lower than those obtained with the simple benzoxazine 67). A 
possible mechanism would have been the opening of the benzoxazine ring to form a 
zinc oxazine which would be the reactive species. However, the benzoxazine 
moieties were not degraded during the reaction as we were able to recover the 
catalyst after the reaction. 
The enantioselectivity obtained in the addition of diethylzinc to 
benzaldehyde prompted us to investigate the addition of diethylzinc to other 
benzaldehydes; for example, 4-chlorobenzaldehyde (Scheme 2-40). 
catalyst 1 mol%, 
Et2Zn 
toluene 
.,..78 ·C-Ht . 
12 h 
I~ '1 OH CI5.J' -
es 
Scheme 2-40: Diethylzinc addition to 4-chlorobenzaldehyde 
We followed the same reaction procedure used in the diethylzinc addition to 
benzaldehyde. The catalyst was dissolved in toluene, diethylzinc was added at 0 QC, 
and the reaction mixture was stirred for thirty minutes. The mixture was then cooled 
to -78 QC and 4-chlorobenzaldehyde was added. The reaction mixture was stirred at 
room temperature for twelve hours. 
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Entry Ligand Product Conversion ee 
a (aR,R)-42a (S)-69 68% 73% 
b (aR,R)-43a (S)-69 19% 61% 
Table 2-13: Addition to 4-chlorobenzaldehyde 
After an .acidic workup, the crude sample was submitted to IH NMR spectroscopy 
and the enantiomeric excess was determined by chiral GC on a ,B-cyclodextrin 
stationary phase at 13 5°C. 1-( 4-chlorophenyl)propan-I-ol 69 was obtained as the 
(S)-enantiomer in 73% ee (68% conversion) and in 61% ee (19% conversion) using 
42a and 43a, respectively.' Diethylzinc additions to 4-methoxybenzaldehyde were 
attempted, but very low conversions were obtained (Scheme 2-41), 
catalyst 1mol%, d 
Et2Zn I "" OH 
toluene MeO 0 
-78 'C-Ht 
~O Meo~ 
12 h 70 
Scheme 2-41: Addition to 4-methoxybenzaldehyde 
Entry Ligand Product Conversion ee 
. 
a (aR,R)-42a (S)-70 27% 53% 
b (aR,R)-43a S,M,· 
. 
Table 2-14: Addition to 4-methoxybenzaldehyde 
The 1-( 4-methoxyphenyl)propan-l-ol 70 was isolated only using the benzoxazine 
42a. We did not detect any product as determined by I H NMR of the reaction using 
43a, as only the starting material was present. Once again, the more sterically 
hindered 43a proved inferior as a catalyst for the diethylzinc addition to 
benzaldehyde; the bulkier cyclopentyl group might prevent the coordination of the 
dialkylzinc to the benzoxazine, hence giving us poorer conversion and poorer 
enantioselectivity, 
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4.2 Dimethylzinc addition to benzaldehyde 
As the enantioselective addition of diethylzinc to benzaldehyde showed 
promising results, we decided to investigate the addition of other dialkylzincs, such 
as diisopropylzinc and dimethylzinc, to benzaldehyde. Soai observed autocatalysis 
while studying the addition of diisopropylzinc to aromatic aldehydes;34 and reported 
recently the use of the autocatalysis as a means to compare asymmetric ligands35 
Unfortunately, preliminary results using diisopropylzinc showed low conversion 
rates and low enantioselectivity (20%) using the tetrabenzoxazine 42a. However, 
preliminary results in the addition of dimethylzinc to benzaldehyde showed low 
conversion, but the enantioselectivity observed was similar to those observed using 
diethy lzinc. 
catalyst 1 mol%, 
Me2Zn 
toluene 
-78 ·C~rt 
12 h 71 
Scheme 2-42: Addition of dimethylzinc to benzaldehyde 
The catalyst (1 mol%) was dissolved in toluene and the solution cooled to 0 °c. The 
dimethylzinc was added, the mixture was cooled to -78 °C, the benzaldehyde was 
added in one portion, and the reaction mixture was stirred for twelve hours at room 
temperature. 
Entry Ligand Product Conversion ee 
a (aR,R)-42a (5)-71 29% 70% 
b (aR,R)-43a (5)-71 24% 37% 
Table 2-15: Addition of dimethyl zinc to benzaldehyde 
We noticed a large quantity of unreacted dimethylzinc at the end of the twelve 
hours; the dimethyl;::inc reacted violently with the air, producing white fumes over 
the reaction vessel. The nitrogen atom of the benzoxazine was not a strong enough 
donor; the activation of the alkyl-zinc bond was not sufficient to promote the 
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addition in high yields. We obtained (S)-I-phenylethanol 71 in low conversions 
(29% and 24%) in 70% ee and 37% ee using 42a and 43a, respectively. Our next 
attempts would concentrate on obtaining higher conversion rates which could give 
us better enantioselectivity. 
4.3 Titanium-catalysed addition 
The addition of titanium isopropoxide to diethylzinc enhanced the reactivity 
of the latter in the addition of an alkyl group to an aldehyde. Bis(sulfonamide) 
ligands were reported to give poor enantioselectivity in the alkyl addition to 
benzaldehyde, but vast improvements of the ee and the yield were observed when 
titanium isopropoxide was added to the reaction mixture36,37 Walsh reviewed the 
use of titanium-catalysed alkyl addition to aldehydes and proposed a mechanism38 
From comparison experiments, Walsh deduced a possible mechanism involving two 
associated titanium centres; one coordinated to the ligand and the aldehyde while 
the other one transferred the alkyl group to the carbonyl moiety. As reported, the 
addition of titanium isopropoxide alongside our catalyst might improve the 
conversion, increasing the reactivity of the dialkylzinc reagent, generating in situ an 
alkyl-titanium more reactive than the dialkylzinc, and the enantioselectivity. We 
feared, however, that titanium isopropoxide might not coordinate to the benzoxazine 
moiety, creating a competition between the benzoxazines and the titanium, where 
the addition of the alkyl moieties to the carbonyl would be faster using the alkyl-
titanium reagent. In. this . case, the likely outcome would be a. loss of 
enantioselectivity as the alkyl-titanium added rapidly to aldehydes. To prevent the 
competition, we decided to use a limited quantity of titanium isopropoxide (10 
mol%) as the best enantioselectivity was obtained using a 1:6 ratio ligand:titanium 
in the binol catalysed reaction38 
The catalyst (1 mol%) and titanium isopropoxide were dissolved in toluene 
and the solution was cooled to 0 qc. The dialkylzinc was added and the reaction 
turned pale yellow (without titanium, the reaction was colourless). The mixture was 
then stirred for thirty minutes after which it was cooled to -78°C. The 
benzaldehyde was added in one portion and the reaction mixture was stirred for 
twelve hours at room temperature (Scheme 2-43). 
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Entry 
a 
b 
c 
d 
e 
f 
catalyst 1 mol%, 
Ti(OiPr)4, R2Zn 
toluene 
-78 'C-Ht 
12 h 
R if OH 
R: ethyl 68 
R: methyl 71 
Scheme 2-43: Titanium isopropoxide as a ligand 
Ligand R Product Couversion 
without ethyl 68 100% 
. 
without. methyl 71 100% 
(aR,R)-42a ethyl (S)-68 100% 
(aR,R)-42a I. methyl (S)-71 45% 
(aR,R)-43a ethyl (S)-68 >95% 
(aR,R)-43a methyl (S)-71 36% 
Table 2-16: Addition using titanium isopropoxide 
ee 
89% 
56% 
81% 
13% 
Surprisingly, the addition of titanium isopropoxide did not have the same effect in 
all the reactions. According to our expectations, we observed. a rise in the 
conversions in all of the attempted reactions. However, the enantiose1ectivity 
seemed to increase only in the addition of diethylzinc to benzaldehyde. Diethylzinc 
was the most reactive dialkylzinc towards.~enzaldehyde using our ligand. One 
possible explan~ti~n could b~· that the titanium isopropoxide has a dual mechanism 
of competition/cooperation with our catalyst. When the reaction using our catalyst is 
fast, the titanium increases the reactivity of the aldehyde and of the diethy lzinc to 
give us better conversion and better enantioselectivity. When the reaction is slow 
using the ligand, the alkyl-titanium addition to benzaldehyde is faster, hence the 
enantioselectivity is lowered. Using diethylzinc, the alkyl-titanium was cooperating 
with the catalyst; but using dimethylzinc, the alkyl-titanium seemed to compete with 
the catalyst. 
We decided to use the titanium procedure in the diethylzinc addition to 4-
chlorobenzaldehyde and 4-methoxybenzaldehyde. The results obtained might 
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confirm the competition between the benzoxazine and the titanium as catalyst for 
the diethylzinc addition to benzaldehyde. 
~"'O 1.0 X 
catalyst 1 mol%, 
Ti(OiPr)4, Et2Zn 
toluene 
-78°C-+rt 
12 h 
I~ lOH xYJ' ' 
X: Cl 69 
X: OMe 70 
Scheme 2-44: Titanium-catalysed addition to 4-substituted-benzaldehydes 
Titanium isopropoxide was added to a solution of the catalyst in toluene, and the 
. mixture was cooled to 0 QC. Diethylzinc was added and the mixture was then stirred 
for thirty minutes after which it was cooled to -78 QC. The benzaldehyde was added 
in one portion and the reaction mixture was stirred for twelve hours at room 
temperature. 
Entry Ligand Product Conversion ee 
a without 69 75% 
b without 70 90% 
c (aR,R)-42a (S)-69 82% 25% 
d (aR,R)-43a (S)-69 70% 4% 
e (aR,R)-42a (S)-70 51% 31% 
f (aR,R)-43a .. (S)-70 45% 2% 
Table 2-17: Titanium-catalysed addition to 4-substituted-benzaldehydes 
Using only titanium isopropoxide as the catalyst, the conversions to 69 and 70 were 
75% and 90%, respectively. Overall, we observed a fall in the enantioselectivity in 
the preparation of all the compounds and an increase in the conversion. The 
tetrabenzoxazine 43a had almost no effect in the reaction, as the observed 
enantioselectivities were lower than 5% in both cases. The addition may thus occur 
via an alkyl-titanium intermediate, and the low enantioselectivity exclusively came 
from the diethylzinc addition using the benzoxazine as a catalyst. 
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4.4 Conclusion 
The use of the tetrabenzoxazines 42a and 43a as catalyst for the dialkylzinc addition 
to aromatic aldehydes gave variable results. Using benzaldehyde, we obtained 
excellent conversions and a good enantioselectivity. In all the other cases, the 
conversion and the enantioselectivity were much lower. Dimethylzinc seemed much 
less reactive than diethylzinc under the reaction conditions used. In an attempt to 
increase the conversion and the enantioselectivity, we added titanium isopropoxide 
to the reaction mixtures to generate in situ an alkyl-titanium more reactive than the 
dialkylzinc. We obtained better conversion and enantioselectivity only in the 
diethylzinc addition to benzaldehyde. Using dimethyl zinc, the alkyl-titanium 
seemed to compete rather than to cooperate with the catalyst, and the outcome was 
an increase of conversion at the cost of a loss of enantioselectivity. The results 
obtained with the 4-substituted benzaldehydes seemed to confirm the competition 
reactions between the dialkylzinc and alkyl-titanium generated in situ. 
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5 Molecular recognition using the tetrabenzoxazines 
Following the encouraging results obtained in the enantioselective addition of 
dialkylzincs to benzaldehydes, we decided to investigate the molecular recognition 
properties of the tetrabenzoxazines 42a and 43a. Iwanek and Mattay had reported, 
for example, the complexation of amines, amino alcohols and pyridine using an 
octahydroxy resorcinarene39 Aoyama has reported the complexation of sugars40 All 
the previous examples involved non-chiral resorcinarenes. A chiral stationary phase 
for capillary gas chromatography has been prepared using chiral resorcinarenes41 
The chiral tetrabenzoxazines 42a and 43a could be used to discriminate enantiomers 
of the appropriate guest. 
Recently, Zheng reported the chiral recognition abilities of a calix[4Jarene 
bearing two amino alcohol groups42 The discrimination between the enantiomers of 
mandelic acid, 2,3-dibenzoyltartaric acid and 2-hydroxy-3-methylbutyric acid was 
observed using IH NMR spectroscopy. IH NMR titration experiments were 
conducted to determine the association constants (using a program developed by 
Hunter43) of each complex. The tetrabenzoxazines previously prepared by us could 
be used as hosts to prepare complexes with a variety of guests such as hydroxy-
acids or amino acids. To demonstrate any chiral recognition, these experiments were 
followed using lH NMR spectroscopy. 
5;1 Chiral recognition-o/the two enantiomers o/mandelic acid. 
Zheng obtained his best results and the best separation using mandelic acid as a 
guest. The solvent used for these experiments was deuterated chloroform as large 
amounts were required to prepare the different solutions. Our first attempt was a 
comparison between two samples, one containing a solution of (±)-mandelic acid 
and another containing a mixture of host (the tetrabenzoxazine 42a) and guest 
(mandelic acid) in a 2:1 ratio guest/host (Figure 2-16). 
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HO OH 
if~OOH = H U COOH 
(R)-H-mandelic acid (S)-(+)-mandelic acid 
Figure 2-16: Host and Guest 
A solution of the benzoxazine 42a (5 mmol.L-1) and a solution of(±)-mandelic acid 
(15 mmol.L-1) were prepared using deuterated chloroform as a solvent in dry 
graduated flasks. The samples were prepared using syringes to fill a complementary 
volume of 0.7 mL. The aim was to obtain a visible separation of the two 
enantiomers as a preliminary result. The proton at the stereogenic centre of each 
enantiomer should be discriminated. Using an NMR spectrum analysis program, we 
generated the stack plots showing the effect of the tetrabenzoxazine 42a on the 
racemic mandelic acid (Figure 2-17). 
(± )-rnandelic 
acid ~ 
Host/Guest ~ / --+--. --
~ ~ ~ J~ ~ ~ ~ ~ ~ ~ ~ ~ 
) 
I I I I • lP, I I , I I " "P' " , "1 I ~-P, I' , , , , ,lP, I I , I. " lQ 
Figure 2-17: Comparison of the HI NMR spectra of (±)-mandelic acid and a 
solution 42a1(±)-mandelic acid 
We can compare the two spectra: on the bottom, the racemic mandelic acid alone 
and, on the top, the mixture of the tetrabenzoxazine 42a and the racemic mandelic 
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acid. We observed a shift in the signal of the methine proton at the stereogenic 
centre, and, more importantly, we observed a splitting of the singlet into what 
appeared to be two singlets. The tetrabenzoxazine 42a was associated to both 
enantiomers (shifting of the signal) of the racemic mandelic acid and the ligand was 
differentiating them (splitting of the signal). To identify both enantiomers on the 
spectra, three samples were prepared: a mixture of racemic guest and 42a in a 2: 1 
ratio, a mixture of chiral non-racemic guest (R)-(-)-mandelic acid and 42a in a 2:1 
ratio, and a solution of racemic guest. The three solutions had similar concentrations 
to avoid any solution effects (Figure 2-18). The IH NMR spectra were calibrated 
using the deuterated chloroform peak. 
i j 
!i.22 !i. 20 
(± )-mandelic acid + 42a 
(R)-(-)-mandelic acid + 42a 
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, 
!i.10 
i i I i I 
5.16 S.14 5.12 5.l0 5.0!) :; .'06 , 5.04 , !i.02 , 5.00 , 4.90 
Figure 2-18: Racemic guestlhost versus (R)-guestlhost 
4.96 pp 
We obtained one singlet at 0= 5.01 ppm corresponding to the (R)-(-)-enantiomer in 
the complex (identified by comparison with the spectrum below) and one singlet at 
0= 5.00 ppm corresponding to the complex (S)-(+)-mandelic acid-42a. Another way 
of assigning the enantiomers was to add the chiral material to the racemic solution, 
increasing one of the enantiomer peaks. This experiment confirmed our assignment. 
The downfield singlet corresponded to the methine proton of the (R)-(-)-mandelic 
acid complexed with the benzoxazine 42a. We can also deduce that the benzoxazine 
42a had more affinity with the (S)-enantiomer as the methine proton was displaced 
further upfield in the other complex. 
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Using this encouraging result, we needed to determine the optimum 
concentration and the optimum ratio of guestlhost to be used for the I H NMR 
titration. Using the solutions (CHost= 5.80 mmol.L'1 and CGuest= 15.12 mmol.L'I) 
previously prepared for the first experiment, we prepared a series of samples 
presenting various concentrations and various ratios (Table 2-18 and Figure 2-19). 
V solution V solution ~mol of ~mol of molar 
Sample 
Host (mL) Guest (mL) Host Guest ratio GIB 
0 0.00 0.70 0.00 10.58 
I 0.10 0.60 0.58 9.07 15.65 
2 0.20 0.50 1.16 7.56 6.52 
3 0.30. OAO 1.74 6.05 3A8 
4 OAO 0.30 2.32 4.53 1.96 
5 0.50 0.20 2.90 3.02 1.04 
6 0.60 0.10 3A8 1.51 OA3 
7 0.70 0.00 4.06 0.00 0.00 
Table 2-18: Preparation of the samples 
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Figure 2-19: lH NMR spectrum of the samples 0-6 
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A few interesting observations were made from this experiment. The shift of the 
proton signal and the separation of the complexes were both highly dependent on 
the concentration of both species in the sample. The effects were stronger when the 
concentration in both species was higher. When the guest/host ratio was greater than 
two, complexation was observed (shifting of the proton signal) but chiral 
discrimination was less evident. The complexation was not observed when the ratio 
was greater than fifteen. The optimum separation of the two complexes was found 
in sample 4 with a 2: 1 ratio. 
The titration procedure required a constant concentration of host; the ratio 
was modified by the variation of the concentrations of the guest. A solution of the 
benzoxazine 42a (10.01 mmol.L"l) and a solution of (±)-mandelic acid (5.00 
mmol.L"l) were prepared using deuterated chloroform as a solvent in dry graduated 
flasks. Aliquots of the mandelic acid solution were then concentrated under reduced 
pressure and the known amounts of racemic mandelic acid obtained were dissolved 
in 0.7 mL of the host solution. The solutions were then transferred to the NMR 
sample tubes (Figure 2-20). The table below shows the preparation of the samples 
(Table 2-19). 
V solution V solution /lmolof /lmolof molar 
Sample 
Host (mL) Guest (mL) Host Guest ratio GIB 
0 0.00 0.70 0.00 3.50 
. . . 
1 0.70 1.50 7.01 7049 1.07 
2 0.70 2.00 7.01 9.99 1.43 
3 0.70 2.50 7.01 12.49 1.78 
. 4 0.70 3.00 7.01 14.99 2.14 
5 0.70 3.50 7.01 17.48 2.49 
6 0.70 4.00 7.01 19.98 2.85 
7 0.70 0.00 7.01 0.00 0.00 
Table 2-19: Preparation of the samples for the titration 
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Figure 2-20: IH NMR titration experiment using (±)-mandelic acid and 42a 
The titration experiment was repeated three times with different concentrations to 
obtain reproducible results. The results are shown in the table (Table 2-20) and 
reported in the chart below (Chart 2-1): 
1st series 2nd series 3rd series 
Ratio o (R)- o (S)- Ratio o (R)- 0(5)- Ratio o (R)- 0(5)-
GfH enant. enant. GfH enant. enant. GfH enant. enant. 
l.03 5.08 5.07 l.070 5.07 5.06 l.08 5.07 5.06 
1.37 5.08 5.06 1.430 5.08 5.07 l.44 5.08 5.07 
l.71 5.08 5.07 1.780 5.08 5.07 l.81 5.08 5.07 
. 
--- -
1.78 5.08 5.07 2.490 5.08 5.07 2.17 5.08 5.07 
2.05 5.08 5.07 2.850 5.08 5.07 2.53 5.08 5.07 
2.40 5.08 5.07 
Table 2-20: Titration of racemic mandelic acid using the benzoxazine 42a 
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The chart showed a linear trend in the shift of the non-complexed racemic mandelic 
acid. We repeated the same work using the tetrabenzoxazine 43a, the results 
obtained were very similar to those obtained with the benzoxazine 42a as shown by 
the titration experiments; two series of samples were prepared for the experiment 
(Table 2-21 and Chart 2-2). 
ratio G/H /) (R)-enant. /) (S)-enant. 
l.09. 5.078 5.068 
... 
1.11 5.085 5.075 
l.46 5.08 5.069 
l.47 5.084 5.074 
l.82 5.082 5.072 
l.84 5.085 5.077 
2.19 5.083 5.074 
2.21 5.085 5.077 
2.55 5.082 5.071 
2.58 5.086 5.079 
Table 2-21: Titration of racemic mandelic acid using the benzoxazine 43a 
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Chart 2-2: Titration of racemic mandelic acid using the benzoxazine 43a 
The chart exhibited a linear trend in the shifting of signals for both enantiomers. 
However, the splitting and the shifting of the signal of the proton at the stereogenic 
centre were weaker compared to those observed using benzoxazine 42a as seen in 
the IH NMR spectrum of the titration experiment. The tetrabenzoxazine 43a was 
less effective than the tetrabenzoxazine 42a as a catalyst in the dialkylzinc addition 
to benzaldehyde. The tetrabenzoxazine 43a was also less efficient in discriminating 
between the two enantiomers of mandelic acid. 
5.2 Chiral recognition of the enantiomers of 2-hydroxy-3-metTtyl butanoic acid 
Following our positive results in the recognition of the racemi'c mandelic acid, we 
decided to investigate the effects of the tetrabenzoxazines 42a and 43a on 2-
hydroxy-3-methyl butanoic acid (Figure 2-21). 
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OH 
YC02H 
(5)-2 -hyd roxy-3-
methylbutanoic acid 
A solution of benzoxazine 42a (5.99 mmoI.L-1) and a solution of racemic 2-
hydroxy-3-methyl butanoic acid (10.16 mmol.L-1) were prepared using deuterated 
chloroform as a solvent in dry graduated flasks. We decided to follow the procedure 
used in the case of the mandelic acid; we first determined the optimum 
concentration to run the NMR titration experiment (Table 2-22). 
V solution V solution !lmolof /lmolof Molar 
Sample 
Host (mL) Guest (mL) Host Guest ratio GIH 
0 0.00 0.70 0.00 7.11 
1 0.10 0.60 0.60 6.09 10.17 
2 0.20 0.50 1.20 5.08 4.24 
3 0.30 0.40 1.80 4.06 2.26 
4 0.40 0.30 2.40 3.05 1.27 
5 0.50 0.20 3.00 2.03 0.68 
6 0.60 0.10 3.60 1.02 0.28 
7 0.70 0.00 4.20 0.00 0.00 
Table 2-22: Preparation of the samples for the determinatio'n of the optimum 
concentration 
Three proton signals were of interest in this experiment: the peak of the proton at 
the stereogenic centre, the proton signals from the methyl groups, and the proton 
signal from the methine a. to the stereogenic centre. The analysis of the IH NMR 
spectrum showed a separation of the enantiomers; splitting and shifting of the three 
signals were observed. In the case of the methine proton a. to the stereogenic centre, 
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the multiplicity of the signal prevented a clear view. However, the two remaining 
signals exhibited a discrimination of the enantiomers. The region of the signal of the 
proton at the stereogenic centre is shown in figure 2-22 below: 
Figure 2-22: Signal of the proton of the stereogenic centre of racemic 2-hydroxy-3-
methy I butanoic acid 
A shift in the signal was observed, and the lower the ratio, the higher the difference 
in the experiment. This demonstrated the effect of the tetrabenzoxazine 42a on the 
racemic compound. Although we could not really see any splitting in the spectra, 
we could distinguish the broadening of the signals. By comparison with the spectra 
obtained in the case of the mandelic acid, we believed that to be the splitting of the 
. signal from the proton frorn .. the stereogenic centre, we need(!d to prepare samples 
with a higher concentration. Another interesting observation was the strong splitting 
of the protons of the two methyl group's signals, which are easier to distinguish 
although the effect of the benzoxazine on this part of the guest is lower, as the 
shifting of the signal is lower than the observed shift for the stereo genic centre 
proton (Figure 2-23). 
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Figure 2-23: Signal of the protons of the methyl groups of racemic 2-hydroxy-3-
methyl butanoic acid 
We therefore decided to prepare a concentrated sample in order to see the splitting 
of the proton signal at the stereogenic centre. We decided to use a 2: 1 ratio 
guest/host to obtain a clear splitting as seen on the previous experiment (also 
considering the previous recognition experiment with the mandelic acid). Two 
samples were prepared, one containing only the racemic product and one containing 
a guest/host mixture in a 2: 1 ratio (Figure 2-24). 
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"-
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Figure 2-24: Splitting of the signal of(±)-2-hydroxy-3-methyl butanoic acid by 42a 
In the I H NMR spectrum, in the region of the proton at the stereogenic centre, we 
observed a clear splitting of the signal of the 2 enantiomers. The region of the 
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signals from the protons from the methyl groups was not as clear as the previous 
experiment, as the broad 1 H NMR peaks of the host in the same region covered the 
peaks from the guest. To identify the enantiomers from the NMR spectra, a small 
volume of a solution of (S)-2-hydroxy-3-methyl butanoic acid in deuterated 
chloroform was added to a sample of the previous series. The signal of the proton at 
the stereogenic centre helped us identify the (S)-enantiomer as up field compared to 
the other methine. In the region of the methyl groups, we observed the (S)-
enantiomer as the downfield signals (Figure 2-25). 
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~ (S)-er 
ant., chiral 
centr~'s proton 
.A-----
1 1 1 1 
" 
~.~1 l.1~ ',.~. i. ,,~ '.H 1, "~ _.n 1 .... " 
Figure 2-25: Assignments of the signals from the (S)-enantiomer 
We decided to attempt the titration using both tetrabenzoxazine 42a and 43a. 
Using the method used previously with racemic mandelic acid, we obtained the 
following charts for the titration experiments using the benzoxazines 42a and 43a. 
4.095 
4.09 
14.085 
<l:: 
~ 4.08 
• Renant. 
a S enant. 
• 
4.07 +--__r--~-__r--.,.----,---.,__-__r----, 
1.00 1.20 1.40 1.60 1.80 2.00 2.20 2.40 2.60 
Ratio 
Chart 2-3: Titration using the tetrabenzoxazine 42a 
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The shift of the proton was calculated as the medium point of the doublet signal of 
the proton at the stereo genic centre. The chart confirmed the previous observations; 
the 2-hydroxy-3-methyl butanoic acid was not recognised as well as mandelic acid, 
the splitting of the signals was weak and the enantiomers were not recognised using 
a guest/host ratio greater than three. Zheng reported similar results using his chiral 
calix[ 4]arene. 42 
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Chart 2-4: Titration using the tetrabenzoxazine 43a 
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Surprisingly, the separation of the signals of the enantiomers was greater using the 
tetrabenzoxazine 43a. The shifting of the signal compared to the non-complexed 
racemic guest was lower than that observed using the tetrabenzoxazine 42a, 
The separation of the enantiomers of mandelic acid was more evident and 
two types of effects can be considered to explain this trend: the bulkier phenyl 
group may increase the selectivity in the complexation or the phenyl group may 
create a better interaction with the resorcinarene (for example, 1t-1t stacking). 
5.3 Chiral recognition of the enantiomers ofphenylalaninol 
We desired to apply this method to the discrimination of the enantiomers of 
an amino-acid; we chose phenylalanine as we believed the phenyl group may play 
an important part in the chiral recognition process. However, no non-protic 
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deuterated solvent dissolved the amino acid. We needed a chiral model close to the 
amino-acid. Resorcinarenes are known to form complexes with amines and amino-
alcohols39 We decided to attempt the experiment using the reduced derivative of the 
amino-acid, the amino alcohol phenylalaninol 72 (Figure 2-26). 
y 
o 
(R)-phenylalaninol (S)-phenylalaninol 
72 
Figure 2-26 
Racemic phenylalaninol 72 was prepared following a literature procedure44 
Lithium borohydride and chlorotrimethylsilane were dissolved slowly in 
tetrahydrofuran and racemic phenylalanine was added to the mixture. The reaction 
mixture was stirred at room temperature for twenty-four hours. After treatment, 
phenylalaninol 72 was obtained in 95% yield (Scheme 2-45). 
LiBH4 
_T_M_S_C_I _ (YTOH 
THF V NH2 
24 h, rt 72 
Scheme 2-45: Synthesis of phenylalaninol 
First, we prepared. an experiment to test the .recognition of the racemic 
, -.' . .- - ' . 
phenylalaninol using the tetrabenzoxazine 42a. From our experience, we prepared 
two solutions: a solution of tetrabenzoxazine 42a and a solution of phenylalaninol 
72. Two NMR sample tubes were then prepared: one containing a mixture of72/42a 
in a 2: 1 ratio and one containing only racemic phenylalanino!. The results of this 
experiment are shown below (Figure 2-27). 
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Figure 2-27: Preliminary results using phenylalaninol 72 with 42a 
We compared the two lH NMR spectra and we were surprised to notice a new set of 
signals in the spectrum of the mixture. On the expansion of the 2 to 3.7 ppm region, 
we observed the signals corresponding to the methine and to the two methylenes in 
the spectrum of phenylalaninol, whereas in the spectrum of the mixture, we 
observed as a minor product the phenylalaninol and a major product with the same 
multiplicity and integration as phenylalaninol but with a shift in the signals. This 
new set of signals presumably corresponds to the complex phenylalaninoll42a. To 
obtain more data on this complex, we decided to run the series ofNMR samples as 
in the previous experiments. We prepared a solution of the tetrabenzoxazine 42a 
(5.40 mmoI.L-1) and a solution of racemic phenylalaninol (13.14 mmoI.L-1) in 
d.euteratedchloroform and we prepared a series.of sal):lplesqsing cJifferen! ratios 9f . 
72/42a varying from 0.4 to 14.6. Surprisingly, the first sample submitted exhibited a 
large ratio of non-complexed phenylalaninol with a 0.4 ratio of 72/42ab. The 
difference between the first set of experiments and the latest series was the delay 
before recording the spectra. The first two samples were left overnight on the NMR 
apparatus before the spectra were recorded and the latest ones were recorded almost 
immediately after being submitted. The series was then left at room temperature for 
twelve hours before the analysis took place again. We could then compare the 
solution after one hour and after twelve hours (Figure 2-28). 
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Figure 2-28 
The presence of phenylalaninol slowly decreased over the twelve hours while the 
presence of the complex slowly increased. No splitting of the signals was observed 
and no chiral recognition was observed; we believed that the phenylalaninol and the 
benzoxazine were forming a complex without any discrimination of the 
enantiomers. The series of samples was prepared and was submitted for analysis 
after twelve hours. Our aim was to observe the behaviour of this complex with the 
concentration and the ratio of 721 42a (Figure 2-29) . 
..J.lJ ,,11 iI, WJILI __ -,",,~.. ,'h 
" 
3.8 3.6 3.1 3.2 
(PP'") 
Figure 2-29: Complexation study of phenylalaninol and 42a 
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We observed the IH NMR peaks corresponding to phenylalaninol as the ratio was 
increasing as well as the signals due to the complex. A reasonable explanation for 
the presence of both sets of signals could be that· the interactions between 
phenylalaninol and the benzoxazine are strong and no exchange in the NMR time 
scale between two different phenylalaninol molecules was happening. According to 
the spectra, the intensity of the signals corresponding 'to the free phenylalaninol 
increased as the concentration of phenylalaninol was increased. We could then 
determine the composition of the complex using the series shown in Figure 2-30. 
Ratio: 0.4 
Ratio: 1 
Ratio 1.9 
Ratio 3.2 
Ratio 6.1 
Figure 2-30 
The phenylalaninol signals were observed for ratios greater than two; we could 
therefore deduce the composition of the complex: one mole of 42a for two moles of 
phenylalanino!. No enantioselectivity in the formation of the complex was observed, 
so the racemic material was totally complexed. However, we did not know the 
composition of the complex when the ratio was greater than two, as one enantiomer 
might then be more favoured. We were unable to obtain crystals of the complex to 
prove its structure. 
5.4 Other attempts 
It is of note that very little discrimination of the enantiomers was observed 
when the tetrabenzoxazine 74 was used as a host for the discrimination of racemic 
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mandelic acid and racemic 2-hydroxy-3-methyl butanoic acid. In both cases, the 
splitting and the shifting of the signals were far inferior to those obtained in the 
experiments using the benzoxazines 42a and 43a. The discrimination of the 
enantiomers of 3-hydroxybutanoic acid using the benzoxazine 42a as a host was 
attempted and the spectra did not show any complexation or any difference in the 
signals (Figure 2-31). 
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Figure 2-31: Other attempts using hydroxyacids as potential guests 
We also attempted chiral recognition experiments using (l R, 2S)-ephedrine 
and (lS,2S)-pseudoephedrine in the presence ofbenzoxazine 42a (Figure 2-32). 
>2 
MeHN OH 
(1R,2S)-ephedrine 
o 
>-{ 
MeHN OH 
(1S,2S)-pseudoephedrine 
Figure 2-32 
Two senes of two samples were prepared: one containing a solution of the 
diastereoisomerically pure ephedrine (or pseudoephedrine) and the other a mixture 
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of the ephedrine (or pseudoephedrine) and the benzoxazine in a 2:1 ratio 
ephedrine/42a. We did not pursue our study further as no sign of complexation was 
observed: the IH NMR shifts of both methine protons were unchanged in the 
presence of the benzoxazine 42a. For example, using a 2:1 ratio mandelic acidl42a, 
the shift observed between the signals of the non-complexed methine proton and 
complexed one was a 0.13 ppm shift. As no shift was detected in the latest 
experiments, we deduced that the benzoxazine had no effect on the ephedrines. 
We also attempted the chiral recognition experiment with another 
phenylalanine derivative. The aim of the experiment was to find the active position 
in the binding observed in the case of the phenylalaninol 72. Three possible 
moieties of the phenylalaninol could be involved in the complexation to the 
benzoxazine: the phenyl group, the amino functionality and the hydroxyl group. We 
decided to prepare the phenylalanine ethyl ester 73 as a first test. The ester 73 was 
prepared by esterification of phenylalanine in a mixture of ethanol and concentrated 
sulfuric acid heated under reflux for two hours. This procedure afforded the desired 
compound 73 in 65% yield (Scheme 2-46). 
~COOH 
V NH2 cone. H2S04 ethanol 
reflux, 2 h 
• 
~COOEt 
V NH2 
13 
Scheme 2-46: Synthesis of ethyI2-amino-3-phenylpropanoate 73 
We prepared a solution of the tetrabenzoxazine 42a (6.0 mmol.L-1) and a 
solution of the compound 73 (14.0 mmol.L-1). in deuterated chloroform and we 
prepared NMR sample tubes with different 73/42a ratios. The IH NMR spectra 
obtained for each ratio is shown below in figure 2-33. 
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Figure 2-33: Experiment using 73 as a potential guest 
The signals corresponding to the methine at the stereogenic centre and the benzylic 
methylene signal were both unchanged in solution with the benzoxazine. No 
splitting and no shifting were observed in this experiment. We did not observe the 
formation of a complex as observed in the case of the phenylalaninol/42a 
interaction. The signals corresponding to the protons from the amine were modified 
but this did not cause a change in the signals for the rest of protons. The presence of 
the phenyl group did not have any influence in the complexation either. 
5.5 Conclusion 
We attempted a number of chiral recognition experiments using the benzoxazines 
previously prepared as potential hosts. We obtained a good response using two a-
hydroxy-acids as we were able to observe a discrimination of the two enantiomers. 
We observed the formation of a complex between phenylalaninol and the 
benzoxazines 42a and 43a. Each molecule of tetrabenzoxazine appeared to form a 
complex with two equivalents of phenylalaninol. We attempted the same 
experiments using different compounds bearing hydroxyl groups, phenyl groups as 
well as other functionalities without success: a ~-hydroxyacid, ephedrines and the 
ethyl ester of phenylalanine. The phenyl group increased the discrimination of the 
enantiomers of mandelic acid but did not play a part in the complexation, as the 
other phenyl-derived compounds were not equally discriminated. 
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Chapter Ill: Experimental Part 
Commercially available reagents were used as supplied, without any further 
purification, unless stated otherwise and stored according to the manufacturer's 
recommendations. 
Flash chromatography was carried out using glass columns packed with Merck 
Kieselgel 60-45. Thin layer chromatography was carried out on aluminium-backed 
plates coated with Merck Kieselgel 60 GF25 4. Plates were looked at under UV light 
and developed by staining using aqueous potassium permanganate or ethanolic 
phosphomolybdic acid, followed by heating. 
All infrared spectra were obtained using a Perkin-Elmer Paragon 1000 FT-IR 
spectrophotometer; thin film spectra were acquired using sodium chloride plates. 
All IH and 13C NMR spectra were measured at 250.13 and 62.86 MHz with a 
Bruker AC 250 MHz spectrometer or at 400.13 and 100.62 MHz with a Bruker 
DPX 400 / Advance 400 MHz spectrometer, in deuteriochloroform solution unless 
otherwise stated, using TMS (tetramethylsilane) as the internal reference. 
Mass spectra were recorded using a Jeol-SXl 02 instrument utilising electron-impact 
(El), fast atom bombardment (FAB), and by the EPSRC national mass spectrometry 
service at the University of Wales, Swansea, utilising electrospray (ES.) and 
MALDI-TOF. 
Analysis by GCMS utilized a Fisons GC 8000 series (AS 800), using a 15 m x 0.25 
mm DB-5 column and an electron-impact low resolution mass spectrometer. 
Melting points were recorded usmg an Electrothermal-IA 9100 melting point 
instrument and are uncorrected. 
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Optical rotation values were measured with an Optical Activity-polAAr 2001 
instrument, operating at ),,=589 nm, corresponding to the sodium D line, at the 
temperatures indicated. 
Microanalyses were performed on a Perkin Elmer Elemental Analyser 2400 CRN. 
All chromatographic manipulations used silica gel as the adsorbent. 
Microwave reactions were carried out in a CEM Discover focused microwave set at 
a maximum of300 W. 
All compounds once made were dried under vacuum at room temperature unless 
stated otherwise. 
DCM was distilled over calcium hydride before use and over phosphorus pentoxide 
under an atmosphere of nitrogen for anhydrous reactions. THF and toluene were 
dried at reflux over sodium and benzophenone, under nitrogen. Methanol was dried 
at reflux over magnesium turnings and iodine, under nitrogen. All other anhydrous 
solvents were bought from Aldrich Chemicals pre-dried in sure-sealed bottles. 
All reactions were carried out using Pyrex or equivalent glass round-bottomed 
flasks fitted with a Teflon coated magnetic follower over a stirrer hot plate, unless 
otherwise stated. Anhydrous reactions were carried out using pre-dried glassware 
(oven at l50"C, cooled ina dessicator over self-indicating silica) under a constant 
positive pressure of nitrogen, provided either by a steady flow through a bubbler or 
by a nitrogen filled balloon. Liquid reagents sensitive to air and moisture were 
added using syringe and cannula techniqu,es through Suba-seal septum caps. 
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1 Experimental Parts: Synthesis of Benzoxazines from Non-
Chiral Resorcinarenes 
2,8,14,20-Tetrapentyl-4,1 0,16,22,6,12,18,24-octahydroxy resorcinarene 1: 1 
9 8 
10 
Resorcinol (5.0 g, 45.4 mmol) was dissolved in ethanol (50 mL) under nitrogen in a 
250 mL round bottomed flask. Concentrated hydrochloric acid (9 mL) was slowly 
added and the mixture was cooled to O°C. Hexanal (5.5 mL, 45.4 mmol) was slowly 
added to the solution. The reaction was stirred twenty-four hours at room 
temperature and another twenty-four hours at reflux. The reaction was cooled and 
the precipitate was filtered and washed with 50 mL of ethanol: water (1:1). The 
precipitate was recrystallised from ethanol (20 mL) to give the title compound (5.5 
g, 63%). Vrnax (DCM)/cm-1 3258, 2953, 2927, 2857, 1615, 1505, 1455, 1292 and 
1173; OH (400 WIz, CD30D) 0.93 (l2 H, t, J= 7.0 Hz, HI0), 1.27-1.45 (24 H, ill, 
H7, H8 and H9), 2.16-2.20 (8 H, m, H6), 4.28 (4 H, t, J= 7.8 Hz, H5), 6.23 (4 H, s, 
H4) and 7.20 (4 H, s, H2); Cc (lOO WIz, CD30D) 14.62 (CID), 23.89 (C9), 28.97 
(C8), 33.12 (C7), 34.56. (C5), 34.96 (C6), 103.97 (C4), 124.62 (C2), 125.53 (C3) 
and 152.97 (Cl). 
Resorcin [4] arene 2 and resorcin[6]arene 3:2 
Resorcinol (55 g, 0.50 mol)was dissolved in absolute ethanol (lOO mL) in a 500 
mL round-bottomed flask. Water (100 mL) was added followed by the slow 
addition of concentrated hydrochloric acid (50 mL). The solution was stirred at 0 °C 
and propionaldehyde (36 mL, 0.50 mol) was then added over eight hours using a 
syringe-pump. The reaction mixture was allowed to warm to room temperature and 
stirred for twelve hours after which it was heated to 75°C and stirred for another 
twenty-four hours. The precipitate was then filtered and washed with a mixture 1: 1 
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ethanol-water (ISO mL). The crude product was then allowed to dry under ambient 
condition for twelve hours, after which it was suspended in 400 mL of 
tetrahydrofuran and heated to boiling. The suspension was allowed to cool down 
and filtered to give the title compound 3 as a white solid (6.7 g, 9%), the filtrate was 
then concentrated under vacuum to afford the title compound 2 as a solid (60 g, 
81%). 
Compound 2: 
2 H~1 ",,1 OH 
1"",3 
4 5 4 
7 6 
2 
vmax (DCM)/cmol 3234, 2755, 1697, 1503, 1295, 1255 and 1158; I)H (400 MHz, 
CD30D) 0.93 (12 H, t, J= 7.2 Hz, H7), 2.18-2.24 (8 H, m, H6), 4.16 (4 H, t, J=7.8 
Hz, HS), 6.21 (4 H, s, H4) and 7.20 (4 H, s, H2); 1)c(100 MHz, CD30D) 13.19 (C7), 
27.77 (C6), 36.81 (CS), 103.96 (C4), 124.72 (C2), 125.48 (C3) and 153.10 (Cl). 
Compound 3: 
2 H~1 ",,1 OH 
1"",3 
4 5 6 
7 6 
3 
Vrnax (DCM)/cmo1 3421, 2358, 2339, 1652 and 1634; I)H (400 MHz, CD30D) 0.77 
(18 H, t, J= 7.2 Hz, H7), 1.99-2.07 (12 H, m, H6), 4.32 (6 H, t, J= 7.8 Hz, HS), 6.29 
(6 H, s, H4) and 7.41 (6 H, s, H2); I)c (lOO MHz, CD30D) 13.40 (C7), 26.52 (C6), 
36.21 (CS), 103.35 (C4), 125.37 (C3), 125.93 (C2) and 153.43 (Cl). 
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Tetramethoxyresorcinarene 4 (only one enantiomer represented): 
2 17 
H~3 ",,10 I .0 6 
5 8 4 
9 
10 
3-Methoxyphenol (5.0 g, 40.3 mmol) and propionaldehyde (2.9 mL, 40.3 mmol) 
were dissolved in dry dichloromethane (100 mL) in a 500 mL round-bottomed flask 
under nitrogen. The reaction mixture was cooled to 0 °C and boron trifluoride 
etherate (12.8 mL, 100 mmol) was then added to the solution over a period of thirty 
minutes. The reaction mixture was allowed to wann to room temperature and stirred 
for a further four hours. Water (30 mL) was added to the reaction mixture and the 
two phases were separated. The aqueous phase was extracted with dichloromethane 
(2 x 30 mL). The combined organic phases were washed with brine, dried over 
anhydrous sodium sui fate and concentrated under reduced pressure. 
Recrystallisation from methanol gave the title compound 4 as a white solid (5.4 g, 
82%). Mp>250 °C. Found (FAB) 11': 656.3340; C40&808 requires 656.3349; Vmax 
(DCM)/cm' l 3393,2960, 2932, 2871, 1617, 1587, 1496, 1295 and 1196; OH (400 
MHz, CDCh) 0.92 (12 H, t, J= 7.2 Hz, HID), 2.24 (8 H, m, H9), 3.83 (12 H, s, H7), 
4.18 (4 H, t, J= 7.8 Hz, H8), 6.35 (4 H, s, H5), 7.22 (4 H, s, ID) and 7.53 (4 H, s, 
OH); Oc (lOO MHz, CDCh) 12.59 (CID), 26.96 (C3), 35.16 (C8), 55.88 (C7), 
100.03 (C5), 123.59 (C2), 124.56 (C4 or C6), 124.58 (C4 or C6), 153.07 (C3) and 
153.71 (Cl). 
Tetrabenzoxazine 6a:3 
4 
11 10 
12 
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Resorcinarene 1 (4.0 g, 5.2 mmol), (R)-(+)-a-methylbenzylamine (3.8 g, 31.2 
mmol), paraformaldehyde (1.9 g, 62.5 mmol) and a pellet of sodium hydroxide (0.1 
g, cat.) were dissolved in ethanol (lOO mL) in a 250 mL round-bottomed flask. The 
reaction mixture was then heated under reflux for three days. The mixture was 
allowed to cool down and the suspension was then filtered and washed with ethanol. 
The solid was then dried under vacuum to afford the title compound as a yellow 
solid (3.3 g, 46%). [a]D25= +133.9 (1.2, CHCh). Vmax (DCM)/cm"' 3355, 3007, 
2925, 2856, 1468, 883 and 699; OH (400 MHz, CDCh) 0.91 (12 H, t, J= 7.0 Hz, 
HI2), 1.29 (12 H, d, J= 604 Hz, Hl6), 1.32-1043 (24 H, ill, H9, HI0 and Hll), 2.09-
2.24 (8 H, s, H8), 3.73 and 3.96 (8 H, AB, J= 17.4 Hz, Hl3), 3.80 (4 H, q, J= 6.4 
Hz, HIS), 4.19 (4 H, t, J= 7.8 Hz, H7), 4.93 and 5.13 (8 H, AB, J= 9.6 Hz, HI4), 
6.94-6.97 (4H, m, H20), 7.03-7.07(8 H, m, HI9), 7.11 (4H, s, H5), 7.17-7.20 (8H, 
m, HIS) and 7.67 (4 H, s, OH); oc (100 MHz, CDCh) 14.23 (CI2), 21046 (CI6), 
22.74 (C9) 27.86 (Cl I), 32.01 (CIO), 32.77 (C7), 33.70 (C8), 44.57 (Cl3), 58.02 
(CI5), 80.93 (CI4), 108.93 (CI7), 121.06 (CS), 123.49 (C4 or C6), 124.34 (C4 or 
C6), 127.04 (C18 and C20), 128.25 (CI9), 144.53 (C2), 148.72 (Cl or C3) and 
149.58 (Cl or C3). 
Tetrabenzoxazine 6b:3 
4 
9 
Resorcinarene 2 (5.0 g, 8.3 mmol), (R)-(+)-a-methylbenzylamine (5.0 g, 41.7 
mmol), paraformaldehyde (2.5 g, 83.3 mmol) and a pellet of sodium hydroxide (0.1 
g, cat.) were dissolved in ethanol (100 mL) in a 250 mL round-bottomed flask. The 
reaction mixture was then heated under reflux for twenty-four hours. The mixture 
was allowed to cool down and the suspension was then filtered and washed with 
ethanol. The solid was then dried under vacuum to afford the title compound as a 
yellow solid (3.2 g, 33%). [a]D25= +163.7 (lA, CHCh). Vmax (DCM)/cm"' 3366, 
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2961,2929,2871, 1598, 1470, 1282 and 889; OH (400 MHz, COCh) 0.93 (12 H, t, 
J= 7.2 Hz, H9), 1.29 (12 H, d, J= 6.4 Hz, H13), 2.13-2.29 (8 H, s, H8), 3.73 and 
3.96 (8 H, AB, J= 17.4 Hz, H13), 3.80 (4 H, q, J= 6.4 Hz, HI0), 4.11 (4 H, t, J= 7.8 
Hz, H7), 4.94 and 5.15 (8 H, AB, J= 10.2 Hz, Hll), 6.92-6.97 (4 H, m, HI7), 7.02-
7.07 (8 H, m, HI6), 7.10 (4 H, s, HS), 7.16-7.20 (8 H, m, HIS) and 7.68 (4 H, s, 
OH); Oc (100 MHz, COCh) 12.73 (C9), 21.48 (CB), 26.75 (C8), 34.84 (C7), 44.59 
(CI0), 58.05 (CI2), 80.92 (Cll), 108.99 (CI4), 120.99 (CS), 123.38 (C4 or C6), 
124.14 (C4 or C6), 127.04 (C15 and CI7), 128.25 (CI6), 144.56 (C2), 148.84 (Cl 
or C3) and 149.70 (Cl or C3). 
N-N-bis(methoxymethyI)-N-benzylamine 7:3 
3 1 6 
4~N/"'..O/7 SV3 el.o 
4 . 17 
Benzylamine (10.0 g, 93 mmol), potassium carbonate (32.2 g, 233 mmol) were 
dissolved in methanol (100 mL) in a 250 mL round-bottomed flask and then cooled 
to 0 °C. Paraformaldehyde (7.0 g, 233 mmol) was added to the mixture in one 
portion. The reaction was allowed to warm to room temperature and stirred for two 
days. The reaction was then filtered and the solvent removed. The residue was taken 
up in dichloromethane (150 mL), washed twice with water (150 mL), once with 
saturated brine solution (80 mL) and dried over anhydrous sodium sulfate. 
Concentration of the organic phase gave a crude product which was purified by 
Kiigelrohr distillation (85 °C, I mbar) to give the title compound (12.9 g, 71 %) as a 
colourless oil. Vmax (Neat)/cm-1 3473, 2902, 1602, 1495, 1452, 1383, 1175, 1068, 
921 and 742; OH (400 MHz, COCh) 3.26 (6 H, s, H7), 4.01 (2 H, s, HI), 4.23 (4 H, 
s, H6) and 7.25-7.53 (5 H, m, H3-H5); oc (lOO MHz, COCh) 52.69 (Cl), 55.56 
(C7), 85.84 (C6), 127.00 (CS), 128.34 (C4), 128.95 (C3) and 138.89 (C2). 
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N-N-bis(methoxymethyl)-N-(R)-a-methylbenzylamine 8: 4 
2 
Ct,3 178 5 "'" N./".-O""'" 6 1 '&47l0 
5 I 
8 
R-(+)-a-Methylbenzylamine (10.0 g, 83 mmol), potassium carbonate (17.0 g, 123 
mmol) were dissolved in methanol (30 mL) in a 250 mL round-bottomed flask and 
then cooled to O°C. Paraformaldehyde (7.4 g, 250 mmol) was added to the mixture 
in one portion. The reaction was allowed to warm to room temperature and stirred 
for three days. The reaction was then filtered and the solvent removed. The residue 
was taken up in dichloromethane (150 mL), washed twice with water (150 mL), 
once with saturated brine solution (80 mL) and dried over anhydrous sodium 
sulfate. Concentration of the organic phase gave a crude product which was purified 
by Kiigelrohr distillation (105°C, 1 mbar) to give the title compound (12.7 g, 73 %) 
as a colourless oil. Vmax (Neat)/cm-1 3484, 2924, 1602, 1492, 1452, 1382, 1180,913, 
762 and 700; OH (400 MHz, CDCh) 1.48 (3 H, d, J= 7.0 Hz, ID), 3.20 (6 H, s, H8), 
4.21 and 4.28 (4 H, AB, J= 9.7 Hz, H7), 4.29 (1 H, q, J= 7.0 Hz, HI) and 7.29 (5 H, 
m, H4-H5); Oc (lOO MHz, CDCb) 20.40 (C2), 54.75 (Cl), 56.75 (C8), 84.65 (C7), 
126.93 (C6), 127.50 (C5), 128.22 (C4) and 144.27 (C3). 
Hexabenzoxazine 9 (one enantiomer represented): 
6 
9 
First procedure 
Hexaethyl-resorcin[6Jarene 3 (0.50 g, 0.5 mmol), benzylamine (0.54 g, 5.0 mmol), 
paraformaldehyde (0.30 g, 10.0 mmol) were dissolved in ethanol (20 mL) in a 50 
mL round-bottomed flask under nitrogen. The reaction mixture was then heated 
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under reflux for three days. The suspension was then filtered and washed with 
ethanol (10 mL). The solid was then dried under vacuum to afford the title 
compound (0.31 g, 34%). M.p.>2S0 °C. Found (FAB) [M+Ht: 1689.0; 
ClOsH1ll40I2N6 requires 1688.9, the isotopic distribution of the observed data 
matched the theoretical [M+Ht isotopic distribution. Yrnax (DCM)/cm-1 3486, 2957, 
2922, 2360, 1619, 1601, 1468, 1350, 1170, 1130, 897 and 729; OH (400 MHz, 
CDCb) 0.86 (IS H, t, J = 7.2 Hz, H9), 2.04 (6 H, m, H8), 2.29 (6 H, m, HS), 3.92 
(12 H, s, Hl2), 4.03 (12 H, s, Hll), 4.17 (6 H, dd, J = 5.4, 9.4 Hz, H7), 4.90 (12 H, 
s, HlO), 6.59 (6 H, s, HS), 7.25-7.40 (30 H, m, Hl4-16) and 7.51 (6 H, s, OH); Oc 
(100 MHz, CDCh) 12.89 (C9), 28.91 (C8), 34.19 (C7), 46.59 (Cll), 55.83 (CI2), 
82.16 (CI0), 107.59 (C13), 121.77 (CS), 122.94 (C4 or C6), 124.49 (C4 or C6), 
127.44 (CI6), 128.51 (C14 or C1S), 12907 (C14 or ClS), 137.94 (C2), 14S.79 (Cl 
or C3), 149.42 (Cl or C3). 
Second procedure 
Hexaethyl-resorcin[6]arene 3 (0.50 g, 0.5 mmol) and compound 7 (1.30 g, 6.7 
mmol) were dissolved in ethanol (20 mL) in a 50 mL round-bottomed flask under 
nitrogen. The reaction mixture was then heated under reflux for three days. The 
suspension was then filtered and washed with ethanol (10 mL). The solid was then 
dried under vacuum to afford the title compound (0.59 g, 64%). 
Hexabenzoxazine 10 (one diastereoisomer represented): 
9 
First procedure: 
Hexaethyl-resorcin[6]arene 3 (0.50 g, 0.5 mmol), (R)-a-methyl-benzylamine (0.65 
mL, 5.0 mmol), paraformaldehyde (0.30 g, 10.0 mmol) were dissolved in ethanol 
(20 mL) in a 50 mL round-bottomed flask under nitrogen. The reaction mixture was 
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then heated under reflux for three days. The suspension was then filtered and 
washed with ethanol (10 mL). The solid was then dried under vacuum to afford an 
inseparable mixture of the title compounds (0.53 g, 55%). M.p.>250 °C. Found 
(FAB) [M+Hr: 1772.9; CllJI126012N6 requires 1773.0, the isotopic distribution of 
the observed data matched the theoretical [M+Hr isotopic distribution. vrn •• 
(DCM)/cm-1 3416, 3060, 3027, 2961, 2929, 2870, 1614, 1601, 1469, 1454, 930, 
907, 876 and 733; OH (400 MHz, CD Cb) 0.81 (18 H, t, J = 7.2 Hz, H9), 0.88 (18 H, 
t, J= 7.2 Hz, H9), l.46 (36 H, t, J = 6.2 Hz, H13), 2.03 (12 H, m, H8), 2.26 (12 H, 
m, H8), 3.91 and 4.08 (12 H, AB, J= 17.3 Hz, HI 1), 3.95 and 4.16 (12 H, AB, J= 
17.3 Hz, Hll), 3.98 (12 H, m, HI2), 4.10 (12 H, m, H7), 4.81 and 5.07 (12 H, AB, 
J= 10.0 Hz, HIO), 4.86 and 5.07 (12 H, AB, J= 10.0 Hz, HI0), 6.55 (6 H, s, H5), 
6.62 (6 H, s, H5), 7.20-7.41 (60 H, m, HI5-17), 7.47 (6 H, s, OH) and 7.48 (6 H, s, 
OH); Oc (100 MHz, CDCI) 12.89 and 12.96 (C9), 21.56 and 2l.66 (CB), 28.78 
and 28.92 (C8), 34.20 (C7), 44.34 and 44.53 (Cl1), 58.00 (CI2), 80.89 and 8l.04 
(CI0), 107.86 and 107.95 (CI4), 121.51 and 12l.67 (CS), 122.84 and 123.17 (C4 or 
C6), 124.28 and 124.51 (C4 or C6), 127.26 and 127.31 (C17), 127.43 (C15 or CI6), 
128.49 and 128.55 (C15 or CI6), 144.16 and 144.26 (C2), 149.14 and 149.32 (Cl or 
C3), 149.34 and 149.37 (Cl or C3). 
Second procedure: 
Hexaethyl-resorcin[6]arene 3 (0.50 g, 0.5 mmol) and compound 8 (l.70 g, 8.1 
mmol) were dissolved in ethanol (20 mL) in a 100 mL round-bottomed flask under 
nitrogen. The reaction mixture was then heated under reflux for three days. The 
suspension was then filtered and washed with ethanol (10 mL). The solid was then 
dried under vacuum to afford a mixture of the titles compounds (0.609 g, 63%). 
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2 Experimental Parts: Synthesis of Inherently Chiral 
Resorcinarenes 
3-Isopropyloxyphenyl acetate 12:5 
a . 2 10 -y0~0S(' 
a 406 0 
5 
Resorcinol monoacetate (4.9 g, 32.3 mmol), triphenylphosphine (11 g, 42.1 mmol), 
propanol-2-ol (1.9 g, 32.3 mmol) were dissolved in dry tetrahydrofuran (SO mL) in a 
250 mL oven dried round-bottomed flask under nitrogen and the mixture was 
cooled to 0 °C. Diisopropylazodicarboxylate (7.2 g, 35.6 mmol) was then added 
dropwise over thirty minutes. The solution was kept at 0 °C for a further thirty 
minutes and allowed to warm to room temperature. The mixture was stirred for four 
hours at room temperature. The solvent was then removed under reduced pressure 
and the residue was triturated in cold diethyl ether to give a white solid. The 
suspension was filtered and the filtrate was concentrated under reduced pressure. 
The residue was placed on a column of silica gel and eluted with ethyl 
acetate:hexane (0.5:9.5) to give the title compound as a colourless oil (3.2 g, 51 %). 
Found (El) M': 194.0943; CllH1403 requires 194.0943; Vmax (DCM)/cm-1 2979, 
293S, 1767, 1487, 145S and 1372; OH (400 MHz, CDCb) 1.32 (6 H, d, J=9.6 Hz, 
H8), 2.28 (3 H, s, HlO), 4.71 (1 H, septet, J=9.6 Hz, H7), 6.63 (2 H, m, H4 and H6), 
6.74 (1 H, ddd, J=13.3 Hz, J=3.7Hz, J=1.5 Hz, HS) and 7.24 (1 H, m, H2); oc (100 
MHz, CD Cb) 21.51 (CI0), 22.36 (C8), 70.55 (C7), 109.71 (CS); 113.76 (C4 or C6), 
113.85 (C6 or C4), 130.13 (C2), 152.04 (Cl), 159.23 (C3) and 169.71 (C9). 
3-Cyclopentyloxyphenyl acetate 13:5 
9~O*Oy11 
r a 406 0 
5 
Resorcinol monoacetate (5.0 g, 32.9 mmol), triphenylphosphine (I1.2 g, 42.1 
mmol), cyclopentanol (2.8 g, 32.9 mmol) were dissolved in dry tetrahydrofuran (50 
mL) in a 2S0 mL oven dried round-bottomed flask under nitrogen and the mixture 
was cooled to 0 °C. Diisopropylazodicarboxylate (7.3 g, 36.2 mmol) was then added 
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dropwise over thirty minutes. The solution was kept at 0 °C for a further thirty 
minutes and allowed to warm to room temperature. The mixture was stirred for four 
hours at room temperature. The solvent was then removed under reduced pressure 
and the residue was triturated in cold diethyl ether to give a white solid. The 
suspension was filtered and the filtrate was concentrated under reduced pressure. 
The residue was placed on a column of silica gel and eluted with ethyl 
acetate:hexane (0.5:9.5) to give the title compound as a colourless oil (3.8 g, 53%). 
Found (El) M'": 220.1101; C13HI603 requires 220.1099; Vmax (DCM)/cm-1 3072, 
2960,2871, 1764, 1607, 1485 and 1362; OH (400 MHz, CDCh) 1.62 (2 H, m, H9), 
1.72-1.90 (6 H, m, H9 and H8), 2.27 (3 H, s,Hll), 4.71 (1 H, septet, J=2.8 Hz, H7), 
6.60 (1 H, t, J= 2.4 Hz, H5), 6.64 (1 H, ddd, J= 8 Hz, J= 2.4 Hz, J=1.2 Hz, H4), 
6.74 (1 H, ddd, J=8 Hz, J=2.4 Hz, J=1.2 Hz, H6) and 7.23 (1 H, t, J=8 Hz); OH (400 
MHz, CDCI3) 21.53 (Cll), 24.39 (C9), 33.17 (C8), 79.88 (C7), 109.48 (C5), 113.46 
(Cl), 113.62 (C3), 130.08 (C2), 151.96 (C3), 159.45 (C3) and 169.76 (ClO). 
3-IsopropyloxyphenoI14:5 
a 2 yO~OH 
la 4Va 
5 
3-isopropyloxyphenyl acetate (2.7 g, 13.9 mmol) was dissolved in methanol (20 
mL) in a 100 mL round-bottomed flask. A solution of aqueous sodium hydroxide 
(IM, 15 mL) was added to the solution. The mixture was stirred at room 
temperature for one hour. Water (15 mL)and diethyl ether (15 rni) were added to 
the mixture. A solution of hydrochloric acid (3.5M) was then added to bring the pH 
below 3 and the two phases were separated. The aqueous phase was extracted with 
diethyl ether (3 x 15 mL). The .combined organic phases were washed with brine, 
dried over anhydrous sodium sulfate and concentrated under reduced pressure. The 
residue was placed on a column of silica gel and eluted with ethyl acetate:hexane 
(1:9) to give the title compound as a colourless oil (2.0 g, 95 %). Found (El) W: 
152.0835. ~H1202 requires 152.0837; Vrna< (DCM)/cm-1 3385, 2976, 2932, 1595, 
1490; OH (400 MHz, CDCI3) 1.32 (6 H, d, J=6 Hz, H8), 4.51 (1 H, septet, J=6Hz, 
H7), 6.40 (2 H, m, H6 and H4), 6.48 (1 H, m, H5) and 7.11 (1 H, t, J= 14 Hz, H2); 
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Oc (100 MHz, CDCb) 22.43 (C8), 70.36 (C7), 103.71 (C5), 107.95 (C4 or C6), 
108.69 (C4 or C6), 130.48 (C2), 157.15 (Cl) and 159.66 (C3). 
3-Cyclopentyloxyphenol 15:5 
a 2 9NO~OH 
ra 4V6 
5 
3-cyclopentyloxyphenyl acetate (4.0 g, 18.2 mmol) was dissolved in methanol (40 
mL) in a 250 mL round-bottomed flask. A solution o( aqueous sodium hydroxide 
(IM, 22 mL) was added to the solution. The mixture was stirred at room 
temperature for one hour. Water (20 mL) and diethyl ether (20 mL) were added to 
the mixture. A solution of hydrochloric acid (3. 5M) was then added to bring the pH 
below 3 and the two phases were separated. The aqueous phase was extracted with 
diethyl ether (3 x 20 mL). The combined organic phases were washed with brine, 
dried over anhydrous sodium sulfate and concentrated under reduced pressure. The 
residue was placed on a column of silica gel and eluted with ethyl acetate: hexane 
(1:9) to give the title compound as a colourless oil (2.9 g, 90%). Found (El) M+: 
178.0990. CllHl40 2 requires 178.0994. Vrnax (DCM)/cm-1 3384,2960,2870, 1595, 
1490 and 1458; OH (400 MHz, CDCb) 1.61 (2 H, m, H9), 1.81 (6 H, m, H9 and H8), 
4.72 (1 H, m, H7), 6.47 (3 H, m, H4, H5 and H6) and 7.13 (1 H, m, H2); oc (100 
MHz, CDCb) 23.92 (C9), 32.73 (C8), 79.33 (C7), 103.05 (CS), 107.50 (C4 or C6), 
107.87 (C4 or C6), 129.90 (C2), 156.96 (Cl) and 159.29 (C3). 
3-lsopropyloxyphenyl benzoate 17:5 
12 
~1-;7 13 a 2 10 I yOn0 ~ 12 I. 3 I 1 9 11 
a 4 """"" 6 0 
5 
Resorcinol monobenzoate (6.0 g, 28 mmol), triphenylphosphine (9.6 g, 36.4 mmol) 
and propanol-2-01 (1.7 g, 28 mmol) were dissolved in dry tetrahydrofuran (80 mol) 
in a 250 mL oven dried round-bottomed flask under nitrogen and the mixture was 
cooled to 0 cC. Diisopropyl azodicarboxylate (6.3 g, 30.8 mmol) was then added 
dropwise over thirty minutes. The solution was kept at 0 °C for a further thirty 
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minutes and allowed to warm to room temperature. The mixture was stirred for four 
hours at room temperature. The solvent was then removed under reduced pressure 
and the residue was triturated in cold diethyl ether to give a white solid. The 
suspension was filtered and the filtrate was concentrated under reduced pressure. 
The residue was placed on a column of silica gel and eluted with ethyl 
acetate:hexane (0.5:9.5) to give the title compound as a colourless oil (7.1 g, 93%). 
Found (El) M+: 256.1099. C16H1603 requires 256.1099; Vmax (DCM)/cm·1 3069, 
2976,2932,1735,1606,1589,1485,1465 and 1451; OH (400 MHz, CDCh) 1.40 (6 
H, d, J=6.4 Hz, H8), 4.59 (I H, septet, )=6.4 Hz, H7), 6.88 (3 H, m, H4, H5 and 
H6), 7.35 (I H, t, J=8.0 Hz, H13), 7.54 (2 H, m, HI2), 7.66 (I H, m, H2) and 8.28 
(2 H, m, Hll); Oe (lOO MHz, CDCh) 24.23 (C8), 72.29 (C7), 111.67 (C5), 115.71 
(C4 or C6), 115.89 (C4 or C6), 130.86 (CI2), 131.83 (CIO), 132.16 (C13), 132.39 
(Cl I), 135.87 (C2), 154.24 (C3), 161.17 (Cl) and 167.26 (C9). 
3-Cyclopentyloxyphenyl benzoate 18:5 
13 
127' 14 
a 7 0 2 0 11 ~ 1 13 9/'Y ~ 1012 }-la 4V6 0 
5 
Resorcinol monobenzoate (7.0 g, 32.7 mmol), triphenylphosphine (11.2 g, 42.7 
mmol) and cyc!opentanol (2.8 g, 32.9 mmol) were dissolved in dry tetrahydrofuran 
(80 mL) in a 250 mL oven dried round-bottomed flask under nitrogen and the 
mixture was cooled to 0 QC. Diisopropyl azodicarbo"xylate (7.3 g, 36.2 mmol) was 
then added dropwise over thirty minutes. The solution was kept at 0 °C for a further 
thirty minutes and allowed to warm to room temperature. The mixture was stirred 
for four hours at room temperature. The solvent was then removed under reduced 
pressure and the residue was triturated in cold diethyl ether to give a white solid. 
The suspension was filtered and the filtrate was concentrated under reduced 
pressure. The residue was placed on a column of silica gel and eluted with ethyl 
acetate:hexane (0.5:9.5) to give the title compound as a colourless oil (8.6 g, 93%). 
Found (El) M+: 282.1256. C18HlS03 requires 282.1256; Vmax (DCM)/cm' l 3068, 
2960,2870, 1737, 1608, 1589, 1484, 1450 and 1434; OH (400 MHz, CDCh) 1.46 (2 
H, m, H9), 1.63-1.75 (6 H, m, H8 and H9), 4.59 (1 H, quintet, J=4.2 Hz, H7), 6.65 
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(3 H, m, H4, H5 and H6), 7.14 (1 H, t, J= 8.0 Hz, HI4), 7.33 (2 H, m, H13), 7.45 (1 
H, t, J= 7.4 Hz, RZ) and 8.05 (2 H, ID, HI2); Oc (100 MHz, CDCI3) 24.50 (C9), 
33.25 (C8), 79.92 (C7), 109.64 (C5), 113.67 (C4 or C6), 113.83 (C4 or C6), 129.03 
(CB), 130.04 (Cll), 130.25 (CB), 130.60 (CI2), 134.04 (C2), 152.32 (Cl), 159.57 
(C3) and 165.52 (CI0). 
3-CyclohexyJoxyphenyJ benzoate 19:5 
14 
J93:7 15 8 2 12 I 90:7 °0.1 0 ~ 14 3 I 1 13 
10 8 4 ...,;:; 6 ° 
9 5 
Resorcinol monobenzoate (6.0 g, 28 mmol), triphenylphosphine (9.6 g, 36.4 mmol), 
cyclohexanol (3.1 g, 30.8 mmol) were dissolved in dry tetrahydrofuran (80 mL) in a 
250 mL oven dried round-bottomed flask under nitrogen and the mixture was 
cooled to 0 °C. Diisopropyl azodicarboxylate (6.8 g, 33.6 mrr1ol) was then added 
dropwise over thirty minutes. The solution was kept at 0 °C for a further thirty 
minutes and allowed to warm to room temperature. The mixture was stirred for four 
hours at room temperature. The solvent was then removed under reduced pressure 
and the residue was triturated in cold diethyl ether to give a white solid. The 
suspension was filtered and the filtrate was concentrated under reduced pressure. 
The residue was placed on a column of silica gel and eluted with ethyl 
acetate:hexane (0.4:9.6) to give the title compound as a colourless oil (5.0 g, 63%). 
Found (El) M': 296.1413. C19H2003 requires 296.1415; Vrnax (DCM)/cm-1 3065, --
2934, 2857, 1737, 1607, 1589, 1485, 1451, 1265, 1135, 1082 and 1000; OH (400 
MHz, CDCb) 1.40-1.47 (3 H, m, H9), 1.57-1.65 (3 H; m), 1.86 (2 H, m), 2.07 (2 H, 
m), 4.31 (1 H, quintet, J= 4.2 Hz, H7), 6.88 (3 H, m, H4, H5 and H6), 7.36 (1 H, t, 
J= 8.0 Hz, HI5), 7.55 (2 H, m, Hl4), 7.67 (1 H, t, J= 7.8 Hz, RZ) and 8.28 (2 H, m, 
HI2); oc (lOO MHz, CDCb) 24.14 (C9), 26.06 (CI0), 32.14 (C8), 77.36 (C7), 
109.91 (C5), 114.05 (C4 or C6), 114.13 (C4 or C6), 129.03 (CI4), 130.05 (CI2), 
130.29 (CI4), 130.60 (CB), 134.02 (C2), 152.39 (Cl), 159.27 (C3) and 165.49 
(C 11). 
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3-Cyclohexyloxyphenol 20:5 
a 2 
9('}O~OH 
10Va 406 
9 5 
3-cyclohexyloxyphenyl benzoate (5.0 g, 17.7 mmol) was dissolved in ethanol (30 
mL) in a 250 mL round-bottomed flask. A solution of aqueous sodium hydroxide 
(23 mL, IM) was added to the solution. The mixture was stirred at room 
temperature for three hours. Water (20 mL) and diethyl ether (20 mL) were both 
added to the mixture. A solution of hydrochloric acid (3.5M) was then added to 
bring the pH below 3 and the two phases were separated. The aqueous phase was 
extracted with diethyl ether (3 x 20 mL). The combined organic phases were 
washed with brine, dried over anhydrous sodium sulfate and concentrated under 
reduced pressure. The residue was placed on a column of silica gel and eluted with 
ethyl acetate: hexane (1 :9) to give the title compound as a colourless oil (2.6 g, 
76%) Found (El) M+: 192.1151. C1zH160Z requires 192.1150; Vrnax (DCM)/cm,l 
3383, 2934, 2856, 1595, 1489, 1454, 1285, 1172, 1143 and 985; OH (400 MHz, 
CDCb) 1.33-1.38 (3 H, m, H9), 1.50-1.59 (3 H, m), 1.81 (2 H, m), 1.99 (2 H, m), 
4.21 (1 H, quintet, J= 4.3 Hz, H7), 5.94 (1 H, s, OH), 6.45 (2 H, m, H4 and H6), 
6.52 (1 H, dd, J= 8.0 Hz, J= 2.0 Hz, H2) and 7.12 (1 H, t, J= 8.0 Hz, H5); oc (100 
MHz, CDCb) 24.23 (C9), 25.97 (CI0), 32.23 (C8), 76.15 (C7), 103.92 (C5), 108.14 
(C4 or C6), 108.90 (C4 or C6), 130.46 (C2), 157.27 (Cl) and 159.42 (C3). 
2,8,14,20-Tetrahexyl-4, 1 0, 16,22-tetrahydroxy -6,12,18,24--
tetramethoxyresorcinarene 21: 
4 
12 11 
14 13 
Heptanal (0.9 g, 8.1 mmol), 3-methoxyphenol (1.0 g, 8.1 mmol) were dissolved in 
dry dichloromethane (10 mL) in a 50 mL round-bottomed flask under nitrogen. The 
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reaction mixture was cooled to 0 QC. Boron trifluoride etherate (2 mL, 16.1 mmol) 
was then added to the solution over a period of thirty minutes after which the 
mixture was allowed to warm to room temperature and stirred for a further three 
hours. Water (30 mL) was then added to the stirred solution and the two phases 
were separated. The aqueous phase was extracted with dichloromethane (3 x 10 
mL). The combined organic phases were washed with brine, dried over anhydrous 
sodium sulfate .and concentrated under reduced pressure. The residue was 
recrystallised from methanol to give the title compound as a white solid (1.7 g , 
94%). Mp>200 QC. Found (FAB) [M+Ht: 881.5942. [C56HgoOg+Ht requires 
881.5931; Vrnax (DCM)/cm-1 3398, 2926,2854, 1494, 1466, 1196 and 835; OH (400 
MHz, CDCh) 0.82 (12 H, t, J= 7.0 Hz, HI4), 1.22-1.34 (24 H, m, H11-l3), 1.34-
1.42 (8 H, m, HlO), 2.20 (8 H, m, H9), 3.83 (12 H, s, H7), 4.27 (4 H, t, J= 7.6 Hz, 
H8), 6.34 (4 H, s, H2), 7.21 (4 H, s, H5) and 7.53 (4 H, s, OH); oc (lOO MHz, 
CD Ch) 14.07 (CI4), 22.68 (Cl3), 28.03 (CI2), 29.39 (Cll), 31.90 (CI0), 33.05 
(C8), 33.94 (C9), 55.85 (C7), 99.96 (C2), 123.65 (C5), 124.58 (C4 or C6), 124.69 
(C4 or C6), 152.91 (C3 or Cl) and 153.56 (C3 or Cl). 
2,8,14,20-Tetrapentyl-4,10,16,22-tetrahydroxy-6,12,18,24-
tetramethoxyresorcinarene 22: 
4 
13 
Hexanal (0.8 g, 8.1 mmol), 3-methoxyphenol (1.0 g, 8.1 mmol) were dissolved in 
dry dichloromethane (10 mL) in a 50 mL round-bottomed flask under nitrogen. The 
reaction mixture was cooled to 0 qc. Boron trifluoride etherate (2 mL, 16.1 mmol) 
was then added to the solution over a period of thirty minutes after which the 
mixture was allowed to warm to room temperature and stirred for a further three 
hours. Water (30 mL) was then added to the stirred solution and the two phases 
were separated. The aqueous phase was extracted with dichloromethane (3 x 10 
mL). The combined organic phases were washed with brine, dried over anhydrous 
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sodium sulfate and concentrated under reduced pressure. The residue was 
recrystallised from methanol to give the title compound as a white solid (1.5 g, 
90%). Mp>200 °C. Found (FAB) [M+Ht: 825.5306. [Cs2Hn 0 8+Ht requires 
825.5319; Vmax (DCM)/cm-1 3404,2952,2927,2857,.1619, 1588, 1496, 1465, 1196 
and 836; OH (400 MHz, COCh) 0.82 (12 H, t, J= 7.0 Hz, H13), 1.18-1.31 (24 H, m, 
HI0, Hll and HI2), 2.10 (8 H, m, H9), 3.75 (12H, s, H7), 4.19 (4H, t,J= 7.6 Hz, 
H8), 6.27 (4 H, s, H2), 7.14 (4 H, s, H5) and 7.43 (4 H, s, OH); oc (100 MHz, 
COCb) 13.13 (CB), 21.69 (CI2), 26.76 (C11), 30.79 (CI0), 32.09 (C8), 32.91 
(C9), 54.81 (C7), 98.94 (C2), 122.60 (C4 or C6), 122.81 (C4 or C6), 123.56 (C5), 
151.91 (C3 or Cl) and 152.55 (C3 or Cl). 
2,8,14,20-Tetrahexyl-4,10,16,22-tetrahydroxy-6,12,18,24-
tetraisopropyloxyresorcinarene 23:6 
13 12 
15 14 
Heptanal (0.38 g, 3.3 mmol) and 3-isopropyloxyphenol (0.50 g, 3.3 mmol) were 
dissolved in dry dichloromethane (10 mL) in a 50 mL round-bottomed flask under 
nitrogen. The reaction mixture was cooled to 0 °C. Boron trifluoride etherate (810 
~L, 6.6 mmol) was then added to the solution over a period of thirty minutes. The 
flask was kept in the cold bath for a further thirty minutes, allowed to warm to room 
temperature and stirred for a further four hours. Water (30 mL) was then added to 
the stirred solution and the two phases were separated. The aqueous phase was 
extracted with dichloromethane (3 x 10 mL). The combined organic phases were 
washed with brine, dried over anhydrous sodium sui fate and concentrated under 
reduced pressure. The residue was recrystallised from methanol to give the title 
compound as a white solid (0.69 g, 84%). Mp>200 °C. Found (FAB) [M+Ht: 
993.7184. [C64H9608+Ht requires 993.7184; Vmax (OCM)/cm-1 3375, 2954, 2927, 
2856, 1619, 1584, 1493, 1187, 1113 and 835; OH (400 MHz, COCb) 0.88 (12 H, t , 
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J= 6.8 Hz, HI5), 1.16-1.43 (56 H, m, Hll, H12, H13, HI4 and H8), 2.09-2.30 (8 H, 
m, HIO), 4.27 (4 H, t, J= 8.0 Hz, H9), 4.56 (4 H, septet, J= 6.0 Hz, H7), 6.35 (4 H, 
s, H2), 7.23 (4 H, s, H5), 7.72 (4 H, s, OH); Oe (lOO MHz, CDCh) 14.17 (CI5), 
21.82 (C8), 22.72 (CI4), 27.81 (CB), 28.03 (Cll or CI2), 31.93 (Cll or CI2), 
33.33 (C9), 33.98 (CIO), 71.72 (C7), 102.51 (C2), 123.70 (C5), 125.32 (C4 or C6), 
125.59 (C4 or C6), 151.69 (Cl or C3) and 152.81 (Cl or C3). 
2,8,14,20-Tetra pentyl-4, 1 0,16,22-tetrahydro xy-6,12,18,24-
tetraisopropyloxyresorcinarene 24:6 
8 8 
Y 
03 
I 
13 
14 
Hexanal (2.7 g, 27 mmol) and 3-isopropyloxyphenol ( 4.1 g, 27 mmol) were 
dissolved in dry dichloromethane (50 mL) in a 250 mL round-bottomed flask under 
nitrogen. The reaction mixture was cooled to 0 0c. Boron trifluoride etherate (7.7 g, 
54 mmol) was then added to the solution over a period of thirty minutes. The flask 
was kept in the cold bath for a further thirty minutes, allowed to warm to room 
temperature and stirred for a further four hours. Water (100 mL) was then added to 
the stirred solution and the two phases were separated. The aqueous phase was 
extracted with dichloromethane (3 x 30 mL). The combined organic phases were 
washed with brine, dried over anhydrous sodium sui fate and concentrated under 
reduced pressure. The residue was recrystallised from methanol to give the title 
compound as a white solid (4.6 g, 73%). Mp>200 °C. Found (FAB) [M+Ht: 
937.6571. [C6oHsgOg+Ht requires 937.6557; Vmax (DCM)/cm"! 3372, 2928, 2858, 
1618, 1584, 1492, 1111,939,849 and 735; OH (400 MHz, CDCh) 0.90 (12 H, t, J= 
7.0 Hz, HI4), 1.19-1.38 (48 H, m, HII, H12, H13 and H8), 2.10-2.29 (8 H, m, 
HIO), 4.28 (4 H, t, J= 7.9 Hz, H9), 4.55 (4 H, septet, J= 6.1 Hz, H7), 6.35 (4 H, s, 
H2), 7.23 (4 H, s, H5), 7.72 (4 H, s, OH); oc(100 MHz, CDCh) 14.19 (CI4), 21.84 
(C8), 21.85 (C8), 22.72 (CB), 27.81 (Cl I or CI2), 33.36 (Cl I or CI2), 34.00 (C9), 
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37.64 (CI0), 71.75 (C7), 102.55 (C2), 123.73 (C5), 125.37 (C4 or C6), 125.61 (C4 
or C6), 151.72 (Cl or C3) and 152.85 (Cl or C3). 
With 1,I-dimethoxyhexane 
1,I-Dimethoxyhexane (0.48 g, 3.3 mmol) and 3-isopropyloxyphenol (0.50 g, 3.3 
mmol) were dissolved in dry dichloromethane (30 mL) in a 100 mL round-bottomed 
flask under nitrogen. The reaction mixture was cooled to 0 °C. Boron trifluoride 
etherate (0.93 g, 6.6 mmol) was then added to the solution over a period of fifteen 
minutes. The flask was kept in the cold bath for a further fifteen minutes, allowed to 
reach room temperature and stirred for a further four hours. Water (10 mL) was then 
added to the stirred solution and the organic layer was separated and washed with 
water (10 mL), brine (10 mL), dried over anhydrous sodium sulfate and 
concentrated under reduced pressure. The residue was recrystallised from methanol 
to give the title compound as a brown foam (0.68 g, 89%). 
2,8,14,20-Tetra-undecyl-4, 1 0, 16,22-tetrahydroxy-6, 12, 18,24-
tetraisopropyloxyresorcinarene 25: 
15 ·14 
17 16 
19 18 
20 
4 
Dodecanal (1.6 g, 8.9 mmol) and 3-isopropyloxyphenol (1.4 g, 8.9 mmol) were 
dissolved in dry dichloromethane (20 mL) in a 250 mL round-bottomed flask under 
nitrogen. The reaction mixture was cooled to 0 °C. Boron trifluoride etherate (2.2 
mL, 17.7 mmol) was then added to the solution over a period of thirty minutes. The 
flask was kept in the cold bath for a further thirty minutes, allowed to warm to room 
temperature and stirred for a further four hours. Water (50 mL) was then added to 
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the stirred solution and the two phases were separated. The aqueous phase was 
extracted with dichloromethane (3 x 20 mL). The combined organic phases were 
washed with brine, dried over anhydrous sodium sui fate and concentrated under 
reduced pressure. The residue was recrystallised from methanol to give the title 
compound as a white solid (1.8 g, 64%). Found (FAB) [M+Ht: 1274.0337. 
[CgJI1360g+Ht requires 1274.0313; Vmax (DCM)/cm-1 3376, 2920, 2850, 1619, 
1585, 1493, 1329, 1187 and 1113; OH (400 MHz, CDCh) 0.89 (12 H, t , J= 6.8 Hz, 
H2O), 1.27-1.35 (72 H, m, Hl1-19), 1.37 (12 H, d, J= 6.0 Hz, H8), 1.40 (12 H, d, J= 
6.0 Hz, H8), 2.16-2.23 (8 H, m, HlO), 4.28 (4 H, t, J= 7.8 Hz, H9), 4.56 (4 H, 
septet, J= 6.0 Hz, H7), 6.36 (4 H, s, H2), 7.24 (4 H, s, H5), 7.73 (4 H, s, OH); oc 
(lOO MHz, CDCh) 14.22 (C20), 21.81 (C8), 21.84 (C8), 22.98 (CI9), 28.22 (C11-
CI8), 29.53 (CII-CI8), 29.85 (CII-CI8), 29.91 (Cl I-Cl 8), 32.07 (CII-Cl8), 
33.42 (C9), 34.14 (CIO), 71.83 (C7), 102.64 (C2), 123.82 (CS), 125.70 (C4 or C6), 
126.11 (C4 or C6), 151.80 (Cl or C3) and 152.90 (Cl or C3). 
2,8,14,20-Tetra-iso butyl-4,1 O,16,22-tetrahydro xy-6,12, 18,24-
tetraisopropyloxyresorcinarene 26:· 
12 
3-Methylbutanal (0.7 g, 8.4 mmol) and 3-isopropyloxyphenol (1.5 g, 8.4 mmol) 
were dissolved in dry dichloromethane (20 mL) in a lOO mL round-bottomed flask 
under nitrogen. The reaction mixture was cooled to 0 °C. Boron trifluoride etherate 
(2.1 mL, 16.8 mmol) was then added to the solution over a period of thirty minutes. 
The flask was kept in the cold bath for a further thirty minutes, allowed to warm to 
room temperature and stirred for a further 6 hours. Water (50 mL) was then added 
to the stirred solution and the two phases were separated. The aqueous phase was 
extracted with dichloromethane (3 x 20 mL). The combined organic phases were 
washed with brine, dried over anhydrous sodium sui fate and concentrated under 
reduced pressure. The residue was recrystallised from methanol to give the title 
compound as a white solid (1.3 g, 73%). Found (FAB) M+: 880.5861. CS6HgoOg 
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requires 880.5853. Found: C, 75.8; H, 9.2. requires C, 76.3; H, 9.6 %; Vrnax 
(DCl\1)/cm-1 3384,2954,2867, 1757, 1647, 1597, 1491, 1189, 944, 838 and 738; OH 
(400.MHz, CDCh) 0.97 (24 H, t, J= 6.4 Hz, H12), 1.36 (12 H, d, J= 6.2 Hz, H8), 
1.39 (12 H, d, J= 6.2 Hz, H8), 1.46 (4 H, m, Hl1), 2.03 (4 H, m, HlO), 2.12 (4 H, 
m, HlO), 4.43 (4 H, t, J= 7.8 Hz, H9), 4.56 (4 H, septet, J= 6.2 Hz, H7), 6.35 (4 H, 
s, ID), 7.23 (4 H, s, H5) and 7.72 (4 H, s, OH); oc (l00.MHz, CDCh) 21.85 (C12), 
21.88 (C12), 22.69 (C8), 22.98 (C8), 26.05 (Cll), 30.83 (C9), 43.09 (C10), 71.62 
(C7), 102.33 (C2), 124.07 (CS), 125.21 (C4 or C6), 125.50 (C4 or C6), 151.66 (Cl 
or C3) and 152.84 (Cl or C3). 
l,l-Dimethoxydodecane 37: 
11 9 7 5 
12 10 8 6 
3 
4 
/13 
2 10 
Dodecanal (5 g, 27.1 mmol) was dissolved in dry methanol (50 mL) in an oven-
dried 250 mL round-bottomed flask under nitrogen. Titanium chloride (150 flL, 1.4 
mmol) was then added in one portion using a syringe. The flask was allowed to 
warm to room temperature and triethylamine (1.9 mL, 13.6 mmol) was then added 
slowly. The reaction mixture was then stirred for 2 hours. Water (100 mL) was 
added, the mixture was extracted with diethyl ether (3 x 30 mL), and the combined 
organic phases were washed with brine, dried over anhydrous sodium su1fate and 
concentrated under reduced pressure to afford the title compound as a colourless oil 
(6.2 g, quantitative yield). Found (FAB) M": 230.2242. C1Jf3002requires 230.2246; 
Vmax (DCM)/cm-I 2922, 2852, 2827, 1464, 1456, 1123 and 1078; OH (400 .MHz, 
CDCh) 0.86 (3 H, t, J= 6.8 Hz, HI2), 1.24-1.33 (10 H, m, H3-Hll), 1.57 (2 H, m, 
ID), 3.30 (6 H, s, H13) and 4.35 (1 H; t, J= 5.8 Hz,Hl); oc (100 MHz, CDCh) 
14.07 (C12), 22.67 (C11), 24.59 (CIO), 29.33 (C9), 29.47 (C8), 29.55 (C7 and C6), 
29.61 (CS), 29.63 (C4), 31.90 (C3), 52.49 (C13) and 104.56 (Cl). 
3-Methyl-l,1-dimethoxybutane 38: 7 
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3-Methylbutanal (5.0 mL, 46 mmol) was dissolved in dry methanol (100 mL) in an 
oven-dried 250 mL round-bottomed flask under nitrogen. The reaction mixture was 
then cooled to 0 °C in an ice bath. Titanium chloride (250 ilL, 5 mmol) was then 
added dropwise. The flask was allowed to warm to room temperature and 
triethylamine (4.2 mL, 30 mmol) was then added slowly. The reaction mixture was 
then stirred for 2 hours. Water (100 mL) was added, the mixture was extracted with 
diethyl ether (3 x 30 mL), and the combined organic phases were washed with 
brine, dried over anhydrous sodium sulfate and concentrated under reduced pressure 
to afford the title compound as a colourless oil (6.1 g, 95%). Vmax (DCM)/cm· 1 2955, 
2828, 1686, 1468, 1383, 1367, 1122 and 1054; OH (400 MHz, CDCh) 0.92 (6 H, d, 
J= 6.8 Hz, H4), 1.48 (2 H, m, H2), 1.70 (1 H, septet, J= 6.8 Hz, H3), 3.30 (6 H, s, 
H5) and 4.40 (1 H, t, J= 6.5 Hz, HI); oc (100 MHz, CD Ch) 22.44 (C4), 24.05 (C3), 
40.89 (C2), 52.30 (C5) and 102.86 (Cl). 
3-Phenyl-l,1-dimethoxypropane 39: 
8 
0""'-
6:Y3 1 8 6 ~ 0""'-I 4 2 7 ~ 5 
6 
3-Phenylpropanal (5.0 g, 37.4 mmol) was dissolved in dry methanol (50 mL) in an 
oven-dried 250 mL round-bottomed flask under nitrogen. Titanium chloride (200 
ilL, 1. 9 mmol) was then added in one portion using a syringe. The flask was 
allowed to warm to room temperature and triethylamine (2.6 mL, 19 mmol) was 
then added slowly. The reaction mixture was then stirred for 2 hours. Water (100 
mL) was added, the mixture was extracted with diethyl ether (3 x 30 mL), and the 
combined organic phases were washed with brine, dried over anhydrous sodium 
sulfate and concentrated under reduced pressure to afford the title compound as a 
colourless oil (6.6 g, 98%). Vmax (DCM)/cm-1 3025, 2954, 2827, 1736, 1495, 1453, 
1125, 1053 and 699; OH (400 MHz, CDCh) 1.82-1.88 (2 H, m, ID), 2.58-2.62 (2 H, 
m, H2), 3.25 (6 H, s, H8), 4.30 (1 H, t, J= 5.8 Hz, HI) and 7.12-7.23 (5 H, m, H5-
H7); Oc (100 MHz, CDCh) 30.89 (C3), 34.09 (C2), 52.74 (C8), 103.74 (Cl), 125.90 
(C7), 128.31 (C5 or C6), 128.42 (C5 or C6) and 141.63 (C4). 
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2,8,14,20-Tetra pen tyl-4, 1 0, 16,22-tetrahydro xy-6,12,18,24-
tetracycIopentyloxyresorcinarene 27: 
4 
15 
3-Cyclopentyloxyphenol (0.50 g, 2.8 mmol), I,I-dimethoxyhexane (0.41 g, 2.8 
mmol) were dissolved in dry dichloromethane (10 mL) in a 100 mL round-bottomed 
flask under nitrogen. The reaction mixture was cooled to 0 °C. Boron trifluoride 
etherate (690 ilL, 5.6 mmol) was then added to the solution over a period of ten 
minutes. The flask was kept in the cold bath for a further fifteen minutes, allowed to 
warm to room temperature and stirred for a further twelve hours. Water (20 mL) 
was then added to the stirred solution and the two phases were separated. The 
aqueous phase was extracted with dichloromethane (3 x 15 mL). The combined 
organic phases were washed with brine, dried over anhydrous sodium sulfate and 
concentrated under reduced pressure. The residue was recrystallised from ethanol to 
give the title compound as a white solid (0.69 g, 94%). Mp>200 °C. Found (FAB) 
[M+Ht: 1041.7179. [C6sH9608+Ht requires 1041.7183. Found: C, 78.49; H, 9.10. 
requires C, 78.41; H, 9.30 %; vmax(DCM)/cm-1 3370, 2927, 2857,1619,1585,1493, 
1166 and 973; I5H(400 MHz, CDCh) 0.90 (12 H, t, J= 7.0 Hz, HI5), 1.20-1.37 (24 
H, m, H12, H13 and Hl4), 1.60-1.75 (8 H, m, H9 or B8), 1.83-1.97 (24 H, m, H9 
and H8), 2.03 (4 H, m, HIl), 2.13 (4 H, m, HIl), 4.24 (4 H, t, J= 7.8 Hz, HlO), 
4.7S (4 H, m, H7), 6.36 (4 H, S, H2), 7.23 (4 H, S, H5) and 7.62 (4 H, s, OH); I5c 
(lOO MHz, CDCh) 14.IS (CI5), 22.71 (CI4), 23.71 (C9), 24.05 (C9), 27.73 (CI2), 
31.86 (C13), 32.37 (CS), 32.94 (CS), 33.20 (CIO), 33.97 (Cl I), SI.06 (C7), 102.50 
(C2), 123.65 (C5), 125.09 (C4 or C6), 125.34 (C4 or C6), 152.03 (Cl or C3) and 
152.70 (Cl or C3). 
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2,8,14,20-Tetra-undecyI-4,1 0, 16,22-tetrahyd roxy-6, 12, 18,24-
tetracycIopentyloxyresorcinarene 28: 
13 
20 
21 
3-Cyclopentyloxyphenol (2.6 g, 14.8 mmol), 1,I-dimethoxydodecane (3.4 g, 14.8 
mmol) were dissolved in dry dichloromethane (50 mL) in a 100 mL round-bottomed 
flask under nitrogen.' The reaction mixture was cooled to 0 °C. Boron trifluoride 
etherate (3.75 mL, 29.6 mmol) was then added to the solution over a period of thirty 
minutes. The flask was kept in the cold bath for a further thirty minutes, allowed to 
warm to room temperature and stirred for a further twelve hours. Water (50 mL) 
was then added to the stirred solution and the two phases were separated. The 
aqueous phase was extracted with dichloromethane (3 x 20 mL). The combined 
organic phases were washed with brine, dried over anhydrous sodium suI fate and 
concentrated under reduced pressure. The residue was recrystallised from ethanol to 
give the title compound as a white solid (4.5 g, 89%). Mp>250 °C. Found (FAB) 
[M+Ht: 1378.0950. [C92HI440S+Ht requires 1378.0939; Yrnax (DCM)/cm-1 3381, 
2922, 2851, 1618, 1587, 1493, 1466, 1341, 1294, 1166 and 1092; OH (400 MHz, 
CDCh) 0.89 (12 H, t, J= 7.1 Hz, H21), 1.18-1.40 (72 H, m, HI2-20), 1.57-1.72 (8 
H, rn, H9 or H8), 1.78-2.01 (24 H, rn, H9 and H8), 2.08-2.27 (8 H, m, H11), 4.23 (4 
H, t, J= 7.8 Hz, HIO), 4.78 (4 H, rn, H7), 6.35 (4 H, s, H2), 7.22 (4 H, s, HS) and 
7.62 (4 H, s, OH); oc (lOO MHz, CDCh) 14.14 (C21), 22.73 (C20), 23.71 (C9), 
24,04 (C9), 28.05 (CI2-19), 29.43 (CI2-19), 29.67 (CI2-19), 29.77 (CI2-19), 29.80 
(CI2-19), 29.82 (CI2-19), 31.97 (CI2-19), 32.39 (C8), 32.94 (C8), 33.13 (CIO), 
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34.02 (C11), 81.07 (C7), 102.50 (C2), 123.70 (C5), 125.08 (C4 or C6), 125.31 (C4 
or C6), 152.04 (Cl or C3) and 152.72 (Cl or C3). 
2,8,14,20-Tetra-iso butyl-4, 1 0, 16,22-tetrahyd ro xy-6, 12, 18,24-
tetracyclopentyloxyresorcinarene 29: 
13 
3-CycIopentyloxyphenol (2.0 g, 11.2 mmol), 3-methyl-1,1-dimethoxybutane (1.5 g, 
11.2 mmol) were dissolved in dry dichloromethane (50 mL) in a 100 mL round-
bottomed flask under nitrogen. The reaction mixture was cooled to 0 ·C. Boron 
trifluoride etherate (2.8 mL, 22.4 mmol) was then added to the solution over a 
period of thirty minutes. The flask was kept in the cold bath for a further fifteen 
minutes, allowed to warm to room temperature and stirred for a further twelve 
hours. Wat~r (50 mL) was then added to the stirred solution and the two phases 
were separated. The aqueous phase was extracted with dichloromethane (3 x 20 
mL). The combined organic phases were washed with brine, dried over anhydrous 
sodium sulfate and concentrated under reduced pressure. The residue was 
recrystallised from ethanol to give the title compound as a white solid (2.5 g, 90~): ...•.. _ 
Mp>250 °C. Found (FAB) ~: 984.6465. C64HS80g requires 984.6479; Vmax 
(DCM)/cm-1 3383, 2954, 2867, 1619, 1585, 14932, 1167, 976 and 840; .sH (400 
MHz, CDCh) 0.95 (12 H, d, J= 6.8 Hz, H13), 0.97 (12 H, d, J= 6.8 Hz, H13), 1.38-
1.50 (4 H, m, HI2), 1.59-1.72 (8 H, m, H9 or H8), 1.77-1.97 (24 H, m, H9 and H8), 
1.98-2.16 (8 H, m, Hll), 4.39 (4 H, t, J= 7.8 Hz, HIO), 4.78 (4 H, m, H7), 6.35 (4 
H, s, H2), 7.22 (4 H, s, H5) and 7.63 (4 H, s, OH); .se (100 MHz, CDCh) 22.61 
(C13), 22.93 (CB), 23.67 (C9), 24.08 (C9), 26.03 (C12), 30.74 (C10), 32.36 (C8), 
33.04 (C8), 43.12 (C11), 80.92 (C7), 102.34 (C2), 123.98 (C5), 124.94 (C4 or C6), 
125.26 (C4 or C6), 151.93 (Cl orC3) and 152.71 (Cl or C3). 
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2,8,14,20-Tetrahexyl-4,10,16,22-tetrahydroxy-6,12,18,24-
tetracyclopentyloxyresorcinarene 30: 
14 13 
16 
15 
3-Cyc1opentyloxyphenol (0.50 g, 2.8 mmol), I,I-dimethoxyheptane (0.45 g, 2.8 
mmol) were dissolved in dry dichloromethane (10 mL) in a lOO mL round-bottomed 
flask under nitrogen. The reaction mixture was cooled to 0 °C. Boron trifluoride 
etherate (690 j.lL, 5.6 mmol) was then added to the solution over a period of ten 
minutes. The flask was kept in the cold bath for a further fifteen minutes, allowed to 
warm to room temperature and stirred for a further 6 hours. Water (20 mL) was then 
added to the stirred solution and the two phases were separated. The aqueous phase 
was extracted with dichloromethane (3 x 15 mL). The combined organic phases 
were washed with brine, dried over anhydrous sodium sui fate and concentrated 
under reduced pressure. The residue was recrystallised from ethanol to give the title 
compound as a white solid (0.74 g, 96%). Mp>200 °C. Found (FAB) 11": 
1096.7715. CnHlo40s requires 1096.7731; Vmax (DCM)/cm-1 3373, 2954, 2929, 
2855,1619, 1585, 1492, 1341, 1295 and 1165 ; oH(400 MHz, CDCb) 0.87 (12 H, t;'" 
J= 7.0 Hz, H16), 1.27-1.40 (32 H, m, HI2-15), 1.47-1.98 (32 H, m, H9 and H8), 
2.07-2.25 (8 H, m, Hll), 4.23 (4 H, t, J= 7.8 Hz, HIO), 4.77 (4 H, rn, H7), 6.34 (4 
H, s, H2), 7.22 (4 H, s, HS) and 7.65 (4 H, s, OH); Oe (lOO MHz, CDCb) 14.47 
(CI6), 22.50 (CI5), 23.47 (C9), 23.81 (C9), 27.76 (CI2), 29.49 (CB), 31.69 (CI4), 
32.15 (C8), 32.70 (C8), 33.78 (CI0), 33.93 (CI1), 80.87 (C7), 102.29 (C2), 123.45 
(CS), 124.86 (C4 or C6), 125.13 (C4 or C6), 151.81 (Cl or C3) and 152.40 (Cl or 
C3. 
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2,8,14,20-Tetraphenethyl-4,10,16,22-tetrahydroxy-6,12,18,24-
tetraisopropyloxyresorcinarene 40: 
3-Phenyl-l,l-dimethoxypropane (2.4 g, 13.2 mmol), 3-isopropyloxyphenol (2.0 g, 
13.2 mmol) were dissolved in dry dichloromethane (50 mL) in a 100 mL round-
bottomed flask under nitrogen. The reaction mixture was cooled to 0 QC. Boron 
trifluoride etherate (3.3 mL, 26.3 mmol) was then added to the solution over a 
period of thirty minutes. The flask was kept in the cold bath for a further thirty 
minutes, allowed to warm to room temperature and stirred for a further 6 hours. 
Water (50 mL) was then added to the stirred solution and the two phases were 
separated. The aqueous phase was extracted with dichloromethane (3 x 30 mL). The 
combined organic phases were washed with brine, dried over anhydrous sodium 
sulfate and concentrated under reduced pressure. The residue was recrystallised 
from ethanol to give the title compound as a white solid (2.9 g, 82%). Mp>200 cC. 
Found (FAB) [M+Ht: 1073.5745. [CnHgoOg+Ht requires 1073.5931; Vrnax 
(DCM)/cm,1 3364, 3024, 2974, 2933, 2862, 2360, 1493, 1452 and 735; OH (400 
. MHz, CDCb) 1.29'(12 H, d, J= 6.0 Hz, H8),·i.37 (ii H, d, J= 6.0 Hz, H8): 2.52 (8 
H, m, H11), 2.62 (8 H, m, HIO), 4.35 (4 H, 1, J= 7.6 Hz, H9), 4.54 (4 H, septet, J= 
6.0 Hz, H7), 6.39 (4 H, s, H2), 7.13 (8 H, m, H13), 7.21 (12 H, m, H14 and HIS), 
7.29 (4 H, s, H5) and 7.72 (4 H, s, OH); Cc (lOO MHz, CDCb) 21.73 (C8), 21.80 
(C8), 33.03 (C9), 34.52 (Cl1), 36.41 (C10), 72.03 (C7), 102.94 (C2), 123.57 (CS), 
. 125.00 (C4 or C6), 125.48 (C4 or C6), 125.90 (C15), 128.47 (CB or C14), 128.66 
(C13 or C14), 141.89 (C12), 151.96 (Cl or C3) and 153.19 (Cl or C3). 
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2,8,14,20-Tetra pen tyl-4,1 0,16,22-tetrahydroxy-6, 12,18,24-
tetracyclohexyloxyresorcinarene 41: 
15 14 
16 
1,I-Dimethoxyhexane(1.7 g, 11.5 mmol) and cyc1ohexyloxyphenol (2.2 g, 11.5 
mmol) were dissolved in dry dichloromethane (40 mL) in a 100 mL round-bottomed 
flask under nitrogen. The reaction mixture was cooled to 0 ·C. Boron trifluoride 
etherate (2.8 mL, 22.9 mmol) was then added to the solution over a period of thirty 
minutes. The flask was kept in the cold bath for a further thirty minutes, allowed to 
warm to room temperature and stirred for a further twelve hours. Water (50 mL) 
was then added to the stirred solution and the two phases were separated. The 
aqueous phase was extracted with dichloromethane (3 x 30 mL). The combined 
organic phases were washed with brine, dried over anhydrous sodium sulfate and 
concentrated under reduced pressure, The residue was recrystallised from ethanol to 
give the title compound as a yellow solid (1.3 g, 42%). Mp>200 cc. Found (FAB) 
[M+Ht: 1097.7829. CnH1040g requires 1097.7809. Vmax (DCM)/cm"] 3382,2931, 
2856, 1616,1585, 1494, 1290, 1238 and 1170; OH (400 MHz, CDCh) 0.90 (12 H, t, 
J=7.2 Hz, HI6), 1.22-1.34 (36 H, m, H13-15, H9 and HI0), 1.42-1.63 (12H, m, 
H9 and HI0), 1.71-1.88 (8 H, m, H8), 1.95-2.05 (12 H, m, H8 and HI2), 2.12-2.25 
(4 H, m, H12), 4.21 (4 H, quintet, J= 4.2 Hz, H7), 4.30 (4 H, t, J= 7.8Hz, Hll), 
6.36 (4 H, s, ill), 7.23 (4 H, s, H5) and 7.77 (4 H, s, OH); oe (100 MHz, CDCh) 
14.19 (CI6), 22.70 (CI5), 24.04 (C9), 24.10 (C9), 25.41 (CI0), 27.41 (C13), 31.46 
(CI4), 31.94 (C8), 31.99 (C8), 33.35 (Cll), 33.96 (CI2), 77.33 (C7), 102.56 (C2), 
123.70 (C5), 125.29 (C4 or C6), 125.56 (C4 or C6), 151.55 (Cl or C3) and 152.75 
(Cl or C3). 
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Tetrabenzoxazines 42a and 42b: 
Tetraisopropyloxyresorcinarene 24 (4.0 g, 4.3 mmol) was dissolved in dry p-xylene 
(50 mL) in a 250 mL oven-dried round-bottomed flask under nitrogen. Compound 8 
(5.4 g, 25.6 mmol) in xylene (10 mL) was added in one portion and the reaction 
mixture was heated under reflux for 5 days under nitrogen. After this time, the 
reaction was allowed to cool to room temperature and the solvent was removed 
under reduced pressure. The residue was placed on a column of silica gel and eluted 
with ethyl acetate:hexane (2:8) to give the title compounds [(1.7 g, 26%) of the first 
eluting diastereoisomer and (1.7 g, 26%) of the second eluting diastereoisomer)] as 
yellow foams. 
First eluting diastereoisorner 42a: 
13 12 
14 
[a]D25=+131.4 (1.4, CHCh), Found (FAB)M+: 1517.0057: C]ooH]320sN4 requires 
1517.0045; Vmax (DCM)/cm-] 2969,2926,2858, 1467, 1110, 940 and 700; OH (400 
MHz, 50°C, CDCh) 0.77 (12 H, d, J= 4.0 Hz, H8), 0.85 (12 H, t, J= 6.2 Hz, HI4), 
0.98-1.10 (12 H, m, H8), 1.l5-1.34 (24 H, m, HII-H13), 1.39 (12 H, d, J= 6.4 Hz, 
HI8), 1.69-1.77 (4 H, m, HIO), 1.93-2.03 (4H, m, HIO), 3.83 (4 H, quartet, J= 6.4 
Hz, H17), 3.86 and 4.14 (8 H, AB, J= 16.8 Hz, HI6), 4.12 (4 H, m, H7), 4.31 (4 H, 
t, J= 7.2 Hz, H9), 4.53 and 4.59 (8 H, AB, J= 9.S Hz, HI5), 6.S2 (4 H, s, H5) and 
7.22-7.34 (20 H, rn, H20-22); oc (100 MHz, CDCh) 14.23 (CI4), 21.62 (CS), 21.93 
(C8), 22.60 (CI8), 22.72 (CI3), .28.0S (Cll or CI2), 32.11 (Cll or CI2), 36.03 
(CI0), 36.66 (C9), 45.47 (CI6), 57.00 (CI7), 73.73 (C7), 79.45 (CI5), 113.01 
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(CI9), 125.29 (C4 or C6), 127.17 (C22), 127.53 (C21 or C22), 128.35 (C21 or 
C22), 129.06 (C4 or C6), 144.21 (C2), 149.82 (Cl) and 151.84 (C3). 
Second eluting diastereoisorner 42b: 
13 12 
14 
[U]025= -9.1 (1.5, CHCh). Found (FAB) [M+Ht: 1518.0123. ClOoH1320gN4+H 
requires 1518.0144; vm .. (DCM)/cm·[ 2968, 2926,2857,1461,1110,942 and 700; 
OH (400 MHz, 50°C, CDCh) 0.82-0.94 (24 H, rn, H14 and H8), 1.03 (12 H, d, J= 
5.2 Hz, H8), 1.18-1.32 (24 H, m, Hll-l3), 1.41 (12 H, d, J= 6.4 Hz, HI8), 1.67-
1.76 (4 H, m, HlO), 1.92-2.04 (4 H, m, HIO), 3.72-3.92 (12 H, m, Hl7 and HI6), 
4.10 (4 H, m, H7), 4.34 (4 H, t, J= 7.2 Hz), 4.52 and 4.93 (8 H, AB, J= 10.0 Hz, 
HI5), 6.86 (4 H, s, H5) and 7.18-7.34 (20 H, m, H20-22); Oc (lOO MHz, CDCh) 
14.19 (CI4), 21.24 (CI8), 22.30 (C8), 22.55 (C8), 22.68 (Cl3), 27.90 (Cl I or CI2), 
32.05 (Cl I or CI2), 36.33 (CIO), 36.48 (C9), 46.68 (CI6), 57.85 (CI7), 73.97 (C7), 
78.83 (CI5), 113.29 (CI9), 125.71 (C4 or C6), 126.99· (C22), 127.38 (C21 or C22), 
128.32 (C21 or C22), 144.54 (C2), 150.15 (Cl) and 152.05 (C3). 
Tetrabenzoxazines 43a and 43b: 
Tetracyclopentyloxyresorcinarene (0.34 g, 0.33 mmol) was dissolved in dry toluene 
(20 mL) in a 100 mL oven dried round-bottomed flask under nitrogen. Compound 8 
(0.55 g, 2.63 mmol) in toluene (2 mL) was added in one portion and the reaction 
mixture heated at reflux for 21 days. After this time, the reaction was allowed to 
cool to room temperature and the solvent removed under reduced pressure. The 
residue was placed on a column of silica gel and eluted with ethyl acetate: hexane 
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(2:8) to give the title compounds [(0.132 g, 25%) of the first diastereoisomer and 
(0.126 g, 24%) of the second diastereoisomer)] as white foams: 
First eluting diastereoisorner 43a: 
15 
[a]D2l= +129.8 (1.6, CHCb). Found (ESI) [M+Ht: 1623.1; the isotopic distribution 
of the observed data matched the theoretical [M+Ht isotopic distribution; Vrn•x 
(DCM)/cm-1 2953, 2867, 1583, 1464, 1321, 1228, 1170,.1117 and 939; OH (400 
MHz, 50 QC, CDCb) 0.87 (12 H, t, J= 5.8 Hz, HI5), 1.12-1.33 (40 H, rn, H12-14 
and H9), 1.39 (12 H, d, J= 6.0 Hz, HI9), 1.44-1.59 (16 H, rn, H8), 1.62-1.81 (4 H, 
In, Hll), 1.93-2.08 (4 H, rn, H11), 3.84 (4 H, quartet, J= 6.5 Hz, HI8), 3.87 and 
4.18 (8 H, AB, J= 17.0 Hz, HI6), 4.29 (4 H, m, H7), 4.44 (4 H, t, J= 7.2 Hz, HI0), 
4.66 (8 H, m, HI7), 6.87 (4 H, m, H5) and 7.19-7.36 (20 H, m, H21-23); Oc (100 
MHz, CDCh) 14.19 (CI5), 21.55 (CI9), 22.72 (CI4), 23.63 (C9), 23.68 (C9), 28.08 
(C12 or C13), 32.10 (C12 or CB), 32.56 (C8): 32.83 (C8), 36.13 (Cll), 36.66 
(CI0), 45.44 (CI7), 57.15 (CI8), 79.59 (CI6), 84.49 (C7), 112.54 (C20), 125.42 
(C4 or C6), 125.53 (C4 or C6), 127.16 (C23), 127.48 (C21 or C22), 128.38 (C21 or 
C22), 144.26 (C2), 149.97 (Cl) and 152.37 (C3). 
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Second eluting diastereoisomer 
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[a]D2S= -5.0 (1.6, CHCb). Found (ESI) [M+Ht: 1623.1; the isotopic distribution of 
the observed data matched the theoretical [M+Nat and [M+Ht isotopic 
distributions. Found: C, 78.77; H, 8.72; N, 3.30. requires ClOgHI400gN4+EtOH C, 
79.19; H, 8.82; N, 3.36 %; vrnax(DCM)/cm-1 2952, 2867,1583,1490,1457,1320, 
1228, 1169 and 941; OH (400 MHz, 50°C, CDCb) 0.90 (12 H, t, J= 6.4 Hz, H15), 
1.18-1.40 (40 H, m, HI2-14 and H9), 1.45 (12 H, d, J= 6.0 Hz, H19), 1.50-1.66 (16 
H, m, H8), 1.68-1.81 (4 H, m, HI 1), 1.94-2.06 (4 H, m, H11), 3.79 (4 H, quartet, J= 
6.4 Hz, H18), 3.86 and 3.92 (8 H, AB, J= 16.8 Hz, H17), 4.29 (4 H, m, H7), 4.44 (4 
H, t, J= 7.2 Hz, HIO), 4.57 and 4.95 (8 H, AB, 8 H, J= 9.4 Hz, H16), 6.88 (4 H, m, 
H5) and 7.15-7.46 (20 H, m, H21-23); Oc (100 MHz, CDCb) 14.13 (C15), 21.22 
(C19), 22.71 (C14), 23.40 (C9), 23.58 (C9), 28.03 (C12 or CB), 32.10 (C12 or 
C13), 32.84 (C8), 36.23 (C11), 36.61 (C10), 46.79 (C17), 57.81 (C18), 78.84 (C16), 
84.61 (C7), 112.80 (C20), 127.02 (C23), 127.43 (C21 or C22), 128.33 (C21 or 
C22), 144.41 (C2), 150.19 (Cl) and 152.78 (C3). 
(R)-Methyl 2-methoxyphenylacetate 44:8 
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n-Butyllithium (86 mL, 0.22 mol) was added slowly with vigorous stirring to dry 
dimethylsulfoxide (100 mL) in a 500 mL oven-dried round-bottomed flask under 
nitrogen (a strong exothermic reaction was observed). (R)-mandelic acid (15 g, 100 
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mmol) was then added in one portion under nitrogen flux. The solution was stirred 
during 2 hours. Methyl iodide (14.7 mL, 240 mmol) was slowly added. The reaction 
mixture was stirred overnight and water (150 mL) was added to the mixture. The 
mixture was extracted with diethyl ether (3 x 75 mL), and the combined organic 
phases were washed with brine, dried over anhydrous sodium sulfate and 
concentrated under reduced pressure to give the title compound as a pale yellow 
liquid (17.4 g, 98%). [o.]D2S= -114 (0.8, CHCh); lit [o.]D20= -128 (0.97, CHCh). 
Found (F AB) 11'": 180.0787. ClOH1203 requires 180.0787; Vmax (DCM)/cm-1 3061, 
3030,2991,2951, 2827, 1751,1455, 1197, 1111 and 731; oH(400 MHz, CDCh) 3.41 
(3 H, s, H7), 3.72 (3 H, s, H8), 4.78 (1 H, s, H5) and 7.34-7.45 (5 H, m, RZ, H3 and 
H4); oc (100 MHz, CDCh) 52.24 (C8), 57.79 (C7), 82.93 (C5), 127.56 (C4), 129.10 
(C3), 129.19 (C2), 136.63 (Cl) and 171.59 (C6). 
(,S'}-MethyI2-methoxypropanoate 46:8 
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n-Butyllithium (4.9 mL, 12.25 mmol) was added slowly to dry dimethylsulfoxide (7 
mL) in a 100 mL oven-dried round-bottomed flask under nitrogen. 2-hydroxy-
propanoic acid (0.50 g, 5.55 mmol) in dimethylsulfoxide (7 mL) was then added. 
The solution was stirred during 1 hour. Methyl iodide (0.83 mL, 13 .32 mmol) was 
slowly added. The reaction mixture was stirred overnight and water (50 mL) and 
diethyl ether (20 mL) were then added to the mixture. The organic phase was 
separated, washed with brine, dried over anhydrous sodium sulfate and concentrated 
under reduced pressure to afford the methyl 2-methoxypropanoate as a pale yellow 
liquid (0.51 g, 78%). [o.]D2S= -58 (4.2, CHCI3); Vrnax (DCM)/cm-1 1751; OH (400 
MHz, CDCh) 1.34 (3 H, d, J= 6.8 Hz, H3), 3.33 (3 H, s, HS), 3.70 (3 H, s, H4) and 
3.83 (1 H, quartet, J= 6.8 Hz, RZ); oc (100 MHz, CDCh) 18.31 (C3), 51.80 (C4), 
57.60 (C5), 76.80 (C2) and 173.50 (Cl). 
189 
Benzyl 2-(benzyloxy)-propanoate 47:8 
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n-Butyllithium (4.9 mL, 12.25 mmol) was added slowly to dry dimethylsulfoxide (7 
mL) in a 50 mL oven-dried round-bottomed flask under nitrogen. 2-hydroxy-
propanoic acid (0.50 g, 5.55 mmol) in dimcthylsulfoxide (7 mL) was then added. 
The solution was stirred during 1 hour. Benzyl bromide (1.6 mL, 13.3 mmol) was 
slowly added. The reaction mixture was stirred overnight and water (50 mL) and 
diethyl ether (20 mL) were then added to the mixture. The organic phase was 
separated, washed with brine, dried over anhydrous sodium sulfate and concentrated 
under reduced pressure to afford the benzyl 2-(benzyloxy)propanoate as a pale 
yellow liquid (1.0 g, 68%). [a]D25= -63.3 (1.6, CHCh). Found (FAB) [M+Ht: 
271.1335. [C17H1803+Ht requires 271.1339; Vmax (DCM)/cm"l 1747; OH (400 MHz, 
CDCh) 1.54 (3 H, d, J= 6.9 Hz, H3), 4.19 (1 H, quartet, J= 6.9 Hz, H2), 4.53 and 
4.77 (2 H, AB, J= 11.6 Hz, H9), 5.27 and 5.28 (2 H, AB, J= 11.6 Hz, H4), 7.39-
7.45 (10 H, m, H6-8 and H11-B); Oe (lOO MHz, CDCh) 18.78 (C3), 66.55 (C4), 
72.08 (C9), 74.14 (C2), 127.91 (C8 or CB), 128.06 (C11 or C12 or C6 or C7), 
. 128.32 (Cl 1 or CI2 or C6 or C7), 128.44 (C8 or C13), 128.50 (Cll or C12 or C6 or 
C7), 128.70 (Cl1 or C12 or C6 or C7), 135.86 (CS or CI0), 137.70 (CS or CI0), 
173.05 (Cl). 
Methyl 2-methoxy-3methylbutanoate 48:8 
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First procedure 
n-Butyllithium (3.7 mL, 9.31 mmol) was added slowly to dry dimethylsulfoxide (7 
mL) in a 50 mL oven-dried round-bottomed flask under nitrogen. 2-Hydroxy-3-
methylbutanoic acid (0.50 g, 4.23 mmol) in dimethylsulfoxide (7 mL) was then 
added. The solution was stirred during 2 hours. Methyl iodide (630 JlL, 10.16 
mmol) was added slowly. The reaction mixture was stirred overnight and water (50 
mL) and diethyl ether (20 mL) were then added to the mixture. The organic phase 
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was separated, washed with brine, dried over anhydrous sodium sulfate and 
concentrated under reduced pressure to afford the methyl 2-methoxy-3-
methylbutanoate as a pale yellow liquid (0.62 g, 100%). Found (El) M': 146.0946. 
C7H140 3 requires 146.0943; Vrnax (DCM)/cm-1 1750; OH (400 MHz, CDCh) 0.86 (3 
H, d, J= 6.8 Hz, H4), 0.88 (3 H, d, J= 6.8 Hz, H4), 1.96 (1 H, doublet of septet, J= 
504 Hz, J= 6.8 Hz, H3), 3.30 (3 H, s, H5), 3.44 (1 H, d, J= 5.4 Hz, H2), 3.68 (3 H, s, 
H6); Oc (100 MHz, CDCh) 17.51 (C4), 18.50 (C4), 31.45 (C3), 51.44 (C6), 58.42 
(C5), 85.91 (C2) and 172.72 (Cl). 
Second procedure 
Sodium hydride (0.306 g, 12.75 mmol) was added to dry dimethylsulfoxide (7 mL) 
in a 25 mL oven-dried round-bottomed flask under nitrogen. The mixture was 
stirred during 2 hours. 2-hydroxy-3-methylbutanoic acid (0.50 g, 4.23 mmol) in 
dimethylsulfoxide (7 mL) was then added. The solution was stirred during 2 hours. 
Methyl iodide (790 flL, 12.75 mmol) was added slowly. The reaction was stirred 
overnight and water (50 mL) and diethyl ether (20 mL) where then added to the 
mixture. The organic phase was separated, washed with brine, dried over anhydrous 
sodium sulfate and concentrated under reduced pressure to afford the methyl 2-
methoxy-3-methylbutanoate as a pale yellow liquid (0.30 g, 48%). 
Third procedure 
Potassium hydride (0.51 g, 12.75 mmol) was added to dry dimethylsulfoxide (7 mL) 
in a 25 mL oven-dried round-bottomed flask under nitrogen. The mixture was 
stirred during 2 hours. 2-hydroxy-3-methylbutanoic acid (0.50 g, 4.23 mmol) in 
dimethylsulfoxide (7 mL) was then added. The solution was stirred during 2 hours. 
Methyl iodide (0.82 mL, 13.12 mmol) was slowly added. The reaction mixture was 
stirred overnight and water (50 mL) and diethyl ether (20 mL) were then added to 
the mixture. The organic phase was separated, washed with brine, dried over 
anhydrous sodium sulfate and concentrated under reduced pressure to afford the 
methyl 2-methoxy-3-methylbutanoate as a pale yellow liquid (0.31 g,50%). 
Fourth procedure 
Sodium hydride (0.306 g, 12.75 mmol) was added to dry dimethylsulfoxide (7 mL) 
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in a 25 mL oven-dried round-bottomed flask under nitrogen. The mixture was 
stirred during 2 hours at 70 °C. The mixture was then allowed to cool down to room 
temperature. 2-hydroxy-3-methylbutanoic acid (0.50 g, 4.23 mmol) was then added 
in dimethylsulfoxide (7 mL). The solution was stirred during 2 hours. Methyl iodide 
(0.790 mL, 12.75 mmol) was slowly added. The reaction mixture was stirred 
overnight and water (50 mL) and diethyl ether (20 mL) were then added to the 
mixture. The organic phase was separated, washed with brine, dried over anhydrous 
sodium sulfate and concentrated under reduced pressure to afford methyl 2-methoxy-
3-methylblltanoate as a pale yellow liquid (0.48 g, 77%). 
Benzyl 2-benzyloxy-3-methylbutanoate 49:8 
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70 8 (67 '~~ ;,,( >" / o>J- 1213 
n-Butyllithium (3.7 mL, 9.25 mmol) was added slowly to dry dimethylsulfoxide (7 
mL) in a 50 mL oven-dried round-bottomed flask under nitrogen. 2-hydroxy-3-
methylbutanoic acid (0.50 g, 4.23 mmol) in dimethylsulfoxide (7 mL) was then 
added. The solution was stirred during 2 hours. Benzyl Bromide (1.2 mL, 10.16 
mmol) was slowly added. The reaction mixture was stirred overnight and water (50 . 
mL) and diethyl ether (20 mL) were then added to the mixture. The organic phase 
was separated, washed with brine, dried over anhydrous sodium sui fate .and 
concentrated under reduced pressure to afford benzyl 2-(benzyloxy)-3-
methylblltanoate as a pale yellow liquid (0.88 g, 70%). Found (FAB) [M+Ht: 
299.1641. [C19H2203+Ht requires 299.1644; Vmax (DCM)/cm-1 1745; OH (400 MHz, 
CDCh) 0.82 (3 H, d, J= 6.8 Hz, H4), 0.84 (3 h, d, J= 6.8 Hz, H4), 1.99 (1 H, 
doublet of septet, J= 5.5 Hz, J= 6.8 Hz, H3), 3.61 (1 H, d, J= 5.5 Hz, H2), 4.23 and 
4.55 (2 H, AB, J= 11.7 Hz, H5), 5.04 and 5.06 (2 H, AB, J= 12.2 Hz, HI0) and 
7.19-7.22 (10 H, m, H6-9 and H12-14); Qc (100 MHz, CDCh) 17.83 (C4), 18.88 
(C4), 37.72 (C3), 67.04 (CI0), 72.54 (CS), 83.34 (C2), 127.83 (C9 or CI4), 128.07 
(CI2-C13 or C7-C8), 128.38 (CI2-C13 or C7-C8), 128.42 (C9 or CI4), 128.50 
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(C12-C13 or C7-C8), 128.65 (CI2-C13 or C7-C8), 135.88 (C6 or Cl I), 137.79 (C6 
or CI1) and 172.30 (Cl). 
Benzyl 3-(benzyloxy)butanoate 50:8 
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n-Butyllithium (4.2 mL, 10.57 mmol) was added slowly to dry dimethylsulfoxide (7 
mL) in a 50 mL oven-dried round-bottomed flask under nitrogen. 3-hydroxy-
butanoic acid (0.50 g, 4.80 mmol) in dimethylsulfoxide (7 roL) was then added. The 
solution was stirred during 2 hours. Benzyl Bromide (1.7 mL, 14.41 mmol) was 
slowly added. The reaction mixture was stirred overnight and water (50 mL) and 
diethyl ether (20 mL) were then added to the mixture. The organic phase was 
separated, washed with brine, dried over anhydrous sodium sulfate and concentrated 
under reduced pressure to afford the benzyl 3-(benzyloxy)butanoate as a pale yellow 
liquid (0.73 g, 53%). Found (FAB) [M+Ht: 285.1494. [ClsH2003+Ht requires 
285.1491; Vrnax (DCM)/cm-1 1736; OH (400 NIHz, CDCb) 1.18 (3 H, d, J= 6.2 Hz, 
H4), 2.40 and 2.61 (2 H, AB of ABX, JAB = -15.1 Hz, JAX = 7.5 Hz, JBX= 5.5 Hz, 
ill), 3.95 (1 H, qxq, J = 6.2 Hz and 5.5 and 7.5 Hz, H3), 4.39 and 4.45 (2 H, AB, J= 
11.6 Hz, H5), 5.04 and 5.05 (2 H, AB, J= 12.3 Hz, HI0), 7.23-7.26 (10 H, m, H7-9 
and Hl2-14); oc (100 MHz, CDCb) 19.89 (C4), 42.15 (C2), 66.29 (CI0), 70.90 
(CS), 72.04 (C3), 127.54 (C9 or CI4), 127.65 (C7-8 or CI2-13), 128.22 (C9 or 
CI4), 128.25 (C7-8 or CI2-13), 128.42 (C7-8 or CI2-13), 128.56 (C7-8 or Cl2-13), 
136.02 (C6 or Cll), 138.52 (C6 or Cll) and 171.3 (Cl). 
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Dimethyl 2,3-dimethoxysuccinate 51:8 
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n-Butyllithium (8.5 mL, 21.15 mmol) was added slowly to dry dimethylsulfoxide 
(15 mL) in a 100 mL oven-dried round-bottomed flask under nitrogen(±)-Tartaric 
acid (0.50 g, 4.23 mmol) in dimethylsulfoxide (5 mL) was then added. The solution 
was stirred during 2 hours. Methyl iodide (1.3 mL, 21.15 mmol) was added slowly. 
The reaction mixture was stirred overnight and water (50 mL) and diethyl ether (20 
mL) were then added to the mixture. The organic phase was separated, washed with 
brine, dried over anhydrous sodium sui fate and concentrated under reduced pressure 
to afford the title compound as a pale yellow liquid (0.137 g, 20%). Yrnax (DCM)/cm-
11765; liH (400MHz, CDCh) 3.47 (6H, s,H3), 3.82 (6H, s, H4), 4.24 (2H, s,H2); 
lic(100 MHz, CDCh) 52.25 (C4), 59.66 (C3), 81.08 (C2) and 169.64 (Cl). 
Dibenzyl 2,3-bis(benzyloxy)succinate 52:8 
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n-ButylIithium (8.5 mL, 21.15 mmol) was added slowly to dry dimethylsulfoxide 
(15 mL) in a 100 mL oven-dried round-bottomed flask under nitrogen. (±)-Tartaric 
acid (0.50 g, 4.23 mmol) in dimethylsulfoxide (5 mL) was then added. The solution 
was stirred during 2 hours. Benzyl bromide (2.5 mL, 21.15 mmol) was added 
slowly. The reaction mixture was stirred overnight and water (50 mL) and diethyl 
ether (40 mL) were then added to the mixture. The organic phase was separated, 
washed with brine, dried over anhydrous sodium sui fate and concentrated under 
reduced pressure. to afford the title compound as a pale yellow liquid (0.306 g, 
18%). Ym• x (DCM)/cm-I 1729; liH (400 MHz, CDCh) 4.33 and 4.76 (4 H, AB, J= 
11.8 Hz, H3), 4.41 (2 H, s, H2), 4.95 and 5.10 (4 H, AB, J= 12.2 Hz, H8), 7.10-
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7.32 (20 H, m, H5-7 and HIO-I2); Qc (lOO MHz, CDCh) 67.22 (C8), 72.40 (C2), 
73.33 (C3), 128.35 (C7 or CI2), 128.38 (C5-6 or ClO-11), 128.65 (C7 or CI2), 
128.71 (C5-6 or CIO-II), 129.05 (C5-6 or CIO-II), 129.79 (C7-8 or C12-13), 
134.50 (C4 or C9), 136.97 (C4 or C9) and 171.43 (Cl). 
(R)-2-Methoxy-2-phenylethanoI 45: 
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(R)-MethyI 2-methoxyphenylacetate 44 (8.4 g, 46.7 mmol) was dissolved in dry 
diethyl ether (150 mL) in an oven-dried 500 mL round-bottomed flask under an 
inverted funnel of nitrogen. LiAlH4 (2.3 g, 60.7 mmol) was then added by small 
portions to the solution under the flux of nitrogen. The grey reaction mixture was 
then stirred for 2 hours at room temperature after which anhydrous sodium sulfate 
(10 g) was added. Water (10 mL) was cautiously added and the mixture was stirred 
another thirty minutes after which the suspension went white. The mixture was 
filtrated and the filtrate was concentrated under reduced pressure to give the title 
compound as a pale yellow liquid (6.5 g, 91%). [U]D25= -15.4° (2.0, CHCh). Found 
(El) M+: 152.0835. C9Hl202 requires 152.0837; Vmax (DCM)/cm- 1 3427, 2978, 2932, 
2871, 2834, 1453, 1112 and 759; QH(400 MHz, CDCh) 2.52 (1 H, broad s., OH), 
3.33 (3 H, s, H7), 3.69 (2 H, m, H6), 4.33 (1 H, dd, J= 8.6 Hz, J= 4.0 Hz, H5) and 
7.28-7.42 (5 H, m, H2, H3 and H4); Qc (lOO MHz, CDCh) 57.32 (C7), 67.79 (C6), 
84.99 (C5), 127.28 (C4), 128.63 (C3), 129.02 (C2) and 138.57 (Cl). 
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3-«R)-2-Methoxy-2-phenylethoxy)phenyl acetate 53: 
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(R)-2-Methoxy-2-phenylethanol 45 (11.3 g, 85.5 mmol), resorcinol monoacetate 
(16.9 g, 111 mmol) and triphenylphosphine (31.6 g, 138 mmol) were dissolved in 
dry tetrahydrofuran (150 mL) in a 500 mL oven dried round-bottomed flask under 
nitrogen and the mixture was cooled to 0 cC. Diisopropylazodicarboxylate (23 mL, 
117 mmol) was then added dropwise over thirty minutes. The solution was allowed 
to warm to room temperature and the mixture was stirred for twelve hours at room 
temperature. The solvent was then removed under reduced pressure and the residue 
was triturated in cold diethyl ether to give a white solid. The suspension was filtered 
and the filtrate was concentrated under reduced pressure. The residue was placed on 
a column of silica gel and eluted with ethyl acetate:hexane (0.5:9.5) to give the title 
compound as a colourless oil (12 g, 50%). [a]D2S= -34.9 (0.93, CHCh). Found 
(FAB) [M+Hr: 287.1281. [C9H1202+Hr requires 287.1283; Vrnax (DCM)/cm-1 
2933, 1764, 1605, 1591, 1487, 1208, 1140 and 1111; oH(400 MHz, CDCh) 2.27 (3 
H, s, HI5), 3.35 (3 H, s, H13), 3.97 (1 H, dd, J= 10.4 Hz, J= 3.6 Hz, H7), 4.14 (1 
H, dd, J= 10.4 Hz, J= 7.8 Hz, H7), 4.57 (1 H, dd, J= 7.8 Hz, J= 3.6 Hz, H8), 6.64 
(1 H, s, H2 or H4), 6.66 (1 H, m, H2 or H4), 6.78 (1 H, m, H6), 7.24 (1 H, m, HS) 
and 7.26-7.37 (5 H, m;H10, in i and HI2); 8c(i66 MliZ; CDCh) 21.13 (CI5); -
57.2 (C13), 72.5 (C7), 81.9 (C8), 108.5 (C2), 112.4 (C4 or C6), 114.0 (C4 or C6), 
127.0 (CI0), 128.3 (CI2), 128.5 (C11), 129_8 (CS), 138.4 (C9), 151.6 (Cl), 159.9 
(C3) and 169.3 (CI4). 
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3-«R)-2-Methoxy-2-phenylethoxy)phenyl benzoate 54: 
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(R)-2-Methoxy-2-phenylethanol 45 (8.0 g, 52.6 mmol), resorcinol monobenzoate 
(13.5 g, 63.1 mmol) and triphenylphosphine (20.7 g, 78.8 mmol) were dissolved in 
dry tetrahydrofuran (150 mL) in a 500 mL oven dried round-bottomed flask under 
nitrogen and the mixture was cooled to 0 qc. Diisopropyl azodicarboxylate (13.4 
mL, 68.3 mmot) was then added dropwise over thirty minutes after which the 
mixture was allowed to warm to room temperature. The mixture was stirred for 
twelve hours at room temperature. The solvent was then removed under reduced 
pressure and the residue was triturated in cold diethyl ether to give a white solid. 
The suspension was filtered and the filtrate was concentrated under reduced 
pressure. The residue was placed on a column of silica gel and eluted with ethyl 
acetate: hexane (0.3:9.7) to give the title compound as a colourless oil (14.3 g, 
78%). [a]D25= -30.0 (0.85, CHCb). Found (FAB) M'": 348.1360. C22H2004 requires 
348.1362; Vrnax (DCM)/cm-1 3062, 3030, 2982, 2931, 2874, 2824,1733,1606,1488, 
1450, 1259 and 936; OH (400 MHz, CD Ch) 3.27 (3 H, s, H13), 3.92 (1 H, dd, J= 
10.4 Hz, J= 3.6 Hz, H7), 4.07 (1 H, dd, J= 10.4 Hz, J= 8.0 Hz, H7), 4.65 (1 H, dd, 
J= 8.0 Hz, J= 3.6 Hz, H8), 6.69-6.74 (3 H, m, H2, H4 and H6), 7.15-7.31 (6 H, m, 
H5, HI0, Hll and HI2), 7.39-7.43 (2 H, m, HI7), 7.49-7.53 (1 H, m, H18) and 
8.08-8.11 (2 H, m, III 6); Oc (100 MHZ, c6th) 5i62 «(;13),.72.96 (C7), 82.52 
(C8), 108.92 (C2), 112.97 (C4 or C6), 114.59 (C4 or C6), 127.44 (CI0), 128.75 
(CI2), 128.98 (Cll or CI7), 129.06 (Cll or CI7), 130.27 (CS), 130.58 (CI6), 
130.60 (C9), 134.02 (CI8), 138.71 (C9), 152.21 (Cl), 160.05 (C3) and 165.47 
(CI4). 
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3-«R)-2-Methoxy-2-phenylethoxy)phenoI55: 
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3-«R)-2-methoxy-2-phenylethoxy)phenyl acetate 53 (11.3 g, 36 mmol) was 
dissolved in methanol (200 mL) and water (2 mL) in a 500 mL round-bottomed 
flask. A solution of saturated sodium hydrogen carbonate (15 mL) was then added 
to the solution. The mixture was stirred at room temperature for 1 day. Water (200 
mL) and dichloromethane (200 mL) were added to the mixture and the two phases 
were separated. The aqueous phase was extracted with dichloromethane (3 x 50 
mL). The combined organic phases were washed with brine, dried over anhydrous 
sodium sulfate and concentrated under reduced pressure. The residue was placed on 
a column of silica gel and eluted with ethyl acetate:hexane (1:9) to give the title 
compound as a yellow oil (7.1 g, 81%). [1l]D2l= -35.4 (1.89, CHCh). Found (FAB) 
11'": 244.1102. C1lH160 3 requires 244.1100; Vrnax (DCM)/cm-1 3354, 2931, 2874, 
1597,1492,1454,1287,1175,1117,1086, 1064 and 841; DH (400 MHz, CDCh) 
3.39 (3 H, s, H13), 4.00 (1 H, dd, J= 10.6 Hz, J= 3.2 Hz, H7), 4.16 (I H, dd, J= 
10.6 Hz, J= 8.2 Hz, H7), 4.65 (1 H, dd, J= 8.2 Hz, J= 3.2 Hz, H8), 6.19 (1 H, s, 
ID), 6.46 (2 H, m, H4 or H6), 6.52 (I H, m, H4 or H6), 7.09 (1 H, m, HS) and 7.27-
7.38 (5 H, m, H10-12); Dc (100 MHz, CDCb) 57.5 (CB), 72.6 (C7), 82.6 (C8), 
. 103.7 (C2), 106.8 «(:4 or C6), 108.7 «(;4 or C:65, 127.4 (C10);128.8 (C12), 129.0 
(Cl 1), 130.4 (CS), 138.6 (C9), 157.5 (C3) and 160.3 (Cl). 
Second method: 
3-«R)-2-methoxy-2-phenylethoxy)phenyl benzoate 54 (14.0 g, 40.2 mmol) was 
added to a solution of potassium hydroxide (lM) in ethanol (50 mL) in a 250 mL 
round-bottomed flask. The mixture was stirred at room temperature for 15 hours. A 
solution of hydrochloric acid (3.5M) was then added to bring the pH below 3. The 
aqueous phase was extracted with diethyl ether (3 x 50 mL). The combined organic 
phases were washed with brine, dried over anhydrous sodium sulfate and 
concentrated under reduced pressure. The residue was placed on a column of silica 
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gel and eluted with ethyl acetate: hexane (1 :9) to give the title compound as a 
colourless oil (9.6 g, 93%). 
Resorcinarenes 56a and 56b: 
3-«R)-2-Methoxy-2-phenylethoxy)phenol (2.0 g, 8.2 mmol) and hexanal (1.0 mL, 
8.2 mmol) were dissolved in dry dichloromethane (50 mL) in a 100 mL round-
bottomed flask under nitrogen. The reaction mixture was cooled to 0 °C and boron 
trifluoride etherate (2.0 mL, 16.4 mmol) was then added dropwise. The reaction was 
then allowed to warm up to room temperature and was stirred for 6 hours. Water (50 
mL) was then added to reaction mixture and the two phases were separated. The 
aqueous layer was extracted with dichloromethane (3 x 20 mL). The combined 
organic phases were washed with brine, dried over anhydrous sodium sui fate and 
concentrated under reduced pressure. The residue was placed on a column of silica 
gel and eluted with ethyl acetate: hexane (15 :85) to give the title compounds [(0.86 
g, 32%) of the first diastereoisomer and (0.65 g, 24%) of the second 
diastereoisomer)] as brown foams: 
First elnting diastereoisorner 56a: 
18 17 
19 
[a]D2l= +3.2 (1.1, CHCh). Found (FAB) [M+Ht: 1305.7606. [CgJil04012+Ht 
requires 1305.7610; Vmax (DCM)/crn-1 3447, 2927, 2858, 1623, 1617, 1587, 1506, 
1496,1462,1330,1291,1174, !l15, 1026,908,838,761 and 701; OH (400 MHz, 
CDCh) 0.84 (12 H, t, J=6.8 Hz, HI9), 1.19-1.30 (24 H, rn, H16, HI7 and HI8), 
2.05 (8 H, m, HI5), 3.28 (12 H, s, H13), 3.92 (4 H, dd, J= 10.1 Hz, J= 8.8 Hz, H7), 
3.99 (4 H, dd, J= 10.1 Hz, J= 2.9 Hz, H7), 4.25 (4 H, t, J= 7.0 Hz, H), 4.52 (4 H, 
dd, J= 8.4 Hz, J= 2.8 Hz, H8), 6.23 (4 H, s, HS), 7.13 (4 H, s, H2) and 7.21-7.30 
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(24 H, rn, HlO, HlI, Hl2 and OH); Oc (lOO MHz, CDCb) 14.23 (CI9), 22.78 
(CI8), 27.68 (CI6), 32.00 (CI7), 33.23 (CI4), 34.54 (CI5), 56.97 (C13), 73.15 
(C7), 82.02 (C8), 101.48 (CS), 124.13 (C2), 125.00 (C4 or C6), 125.21 (C4 or C6), 
127.03 (CIO), 128.22 (CI2), 128.45 (Cl I), 137.74 (C9), 153.04 (Cl or C3) and 
153.37 (Cl or C3). 
Second eluting diastereoisomer 56b: 
18 17 
19 
[a]D25= -44.3 (4.5, CHCb). Found (FAB) M': 1304.7509. CSJ-II040I2 requires 
1304.7528; Vmax (DCM)/crn-1 3441, 2927, 2857, 1615, 1586, 1494, 1454, 1292, 
1233, 1174, 1116, 1026,761 and 701; OH (400 MHz, CDCb) 0.88 (12 H, t, J= 6.8 
Hz, Hl9), 1.24-1.33 (24 H, rn, H16, HI7 and HI8), 2.12 (8 H, rn, HIS), 3.33 (12 H, 
s, H13), 3.97 (4 H, dd, J= 10.1 Hz, J= 4.2 Hz, H7), 4.10 (4 H, dd, J= 10.1 Hz, J= 
8.6 Hz, H7), 4.23 (4 H, t, J= 7.0 Hz, H), 4.57 (4 H, dd, J= 8.6 Hz, J= 4.2 Hz, H8), 
6.35 (4 H, s, H5), 7.21 (4 H, s, ill) and 7.21-7.34 (24 H, rn, HlO, Hll, Hl2 and 
OH); Oc (lOO MHz, CDCb) 14.23 (CI9), 22.75 (CI8), 27.72 (CI6), 32.01 (C I 7), 
33.17 (CI4), 34.60 (ClSn6.91 (C13), 72.82 (C7), 82.00 (C8), 101.83 (CS), 123.95 
(C2),.124.99 (C4 or C6), 125.31 (C4 or C6), 127.16 (CIO), 128.52 (CI2), 128.73 
(Cl I), 137.85 (C9), 152.89 (Cl or C3) and 153.09 (Cl or C3). 
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3 Experimental Parts: Resolution of the Absolute Configuration 
of the Tetraalkoxyresorcinarenes 
Compounds 57a and 57b: 
Tetraisopropyloxyresorcinarene 24 (0.20 g, 0.21 mmol) and a catalytic amount of 
DMAP were dissolved in pyridine (30 mL) in a 100 mL oven-dried round bottomed 
flask under nitrogen. (S)-(+)-camphorsulfonyl chloride (0.86 g, 3.80 mmol) was 
added to the solution and the mixture was heated under reflux for forty-eight hours. 
The mixture was allowed to cool to room temperature, water (40 mL) was added 
and the aqueous phase was extracted with diethyl ether (3 x 30 mL). The combined 
organic phases were washed with a solution of hydrochloric acid (10%, 20 mL), 
washed with a saturated solution of copper (II) sulfate (2 x 20 mL), washed with 
brine, dried on anhydrous sodium sulfate and concentrated under reduced pressure. 
The residue was placed on a column of silica gel and eluted with dichloromethane: 
ethyl acetate (99.5:0.5) to give the title compounds as white foams [First eluting 
diastereoisomer 57a (0.070 g, 28%); second eluting diastereoisomer 57b (0.070 g, 
28%)]. 
First eluting diastereoisomer 57a: 
o _,CSH1 CSHll, OH (-' ~ . 
HO I ~ O~ 
[a]D2l= +60 (2.0, CHCh). Found (MALDI-TOF) [M+Nat: ll73.7; the isotopic 
distribution of the. observed data matched the theoretical [M+Nat isotopic 
distribution. Found: C, 72.0; H, 8.9. M+H20 requires C, 7l.9; H, 9.0 %. Vmax 
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(DCM)/cmo1 3395, 2955, 2928, 2858, 1747, 1493, 1373, 1111 and 846; OH (400 
MHz, CDCh) 0.84-0.91 (IS H, m), 1.15 (3 H, s), 1.19-1.38 (31 H, m), 1.39-1.43 (18 
H, m), 1.67-1.75 (I H, m), 1.95 (1 H, d, J= 18.5 Hz), 2.07-2.23 (10 H, m), 2.40-2.47 
(1 H, m), 2.56-2064 (1 H, m), 3.25 and 3.80 (2 H, AB, J= 14.9 Hz), 4.22-4.32 (3 H, 
m), 4.38 (1 H, septet, J= 6.1 Hz), 4.54-4.60 (2 H, m), 4.68-4.72 (2 H, m), 6.26 (I H, 
s), 6.32 (1 H, s), 6.40 (1 H, s), 6.87 (1 H, s), 7.14 (1 H, s), 7.21 (1 H, s), 7.24 (1 H, 
s,), 7.25 (1 H, s), 7.31 (1 H, s, OH), 7.32 (1 H, s, OH) and 7.55 (1 H, s, OH); oe 
(100 MHz, CDCb) 14.14 (CH3), 14.18 (CH3), 19.75 (CH3), 19.98 (CH3), 21.62 
(CH3), 21.78 (CH3), 21.82 (CH3), 21.89 (CH3), 21.97 (CH3), 22.03 (CH3), 22.17 
(CH3), 22.61 (CH2), 22.68 (CH2), 22.74 (CH2), 22.76 (CH2), 25.23 (CH2), 26.90 
(CH2), 27.52 (CH2), 27.75 (CH2), 27.84 (CH2), 31.77 (CH2), 31.97 (CH2), 32.06 
(CH2), 33.40 (CH3), 33.50 (CH3), 34.70 (CH2), 42.51 (CH2), 42.87 (CH), 47.87 
(CH2), 58.18 (C), 70.00 (CH), 71.40 (CH), 71.71 (CH), 72.05 (CH), 101.55 (CH), 
101.76 (CH), 102.66 (CH), 107.20 (CH), 122.55 (C), 122.62 (C), 123.23 (CH), 
123.43 (C), 123.86 (C), 124.06 (CH), 125.09 (C), 125.61 (C), 126.08 (C), 128.12 
(CH), 132.16 (C), 132.38 (C), 145.02 (C), 150.82 (C), 151.43 (c), 152.19 (C), 
152.39 (C), 153.32 (C) and 214.02 (C=O). 
Second eluting diastereoisomer 57b: 
[U]02l= +15.3 (1.5, CHCh). Found (FAB): 1168.8 [M+NH4t; the isotopic 
distribution of the observed data matched the theoretical [M+NRtt isotopic 
distribution. Found: C, 70.8; H, 8.8. M+2H20 requires C, 70.8; H, 9.0 %; Vmax 
(DCM)/cmo1 3385, 2954, 2927, 2857, 2360 1747, 1493, 1373, 1111 and 845; OH 
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(400 MHz, CDCh) 0.84-0.91 (15 H, m), 1.14 (3 H, s), 1.19-1.43 (49 H, m), 1.70-
1.79 (1 H, m), 1.97 (1 H, d, J= 18.5 Hz), 2.07-2.22 (10 H, m), 2.37-2.43 (1 H, m), 
2..49-2.60 (1 H, m), 3.23 and 3.88 (2 H, AB, J= 14.5 Hz), 4.24-4.33 (3 H, m), 4.38 
(1 H, septet, J= 6.3 Hz), 4.50-4.60 (2 H, m), 4.64-4.72 (2 H, m), 6.26 (1 H, s), 6.32 
(1 H, s), 6.40 (1 H, s), 6.90 (1 H, s), 7.12 (1 H, s), 7.21 (1 H, s), 7.23 (1 H, s,), 7.24 
(1 H, s), 7.27 (1 H, s, OH), 7.33 (1 H, s, OH) and 7.57 (1 H, s, OH); Oe (100 MHz, 
CDCh) 14.14 (CH3), 14.18 (CH3), 19.71 (CH3), 19.95 (CH3), 21.58 (CH3), 21.75 
(CH3), 21.81 (CH3), 21.86 (CH3), 22.00 (CH3), 22.15 (CH3), 22.22 (CH3), 22.62 
(CHz), 22.68 (CHz), 22.74 (CHz), 22.76 (CHz), 25.13 (CHz), 26.94 (CH2), 27.62 
(CHz), 27.75 (CHz), 27.81 (CHz), 31.76 (CHz), 31.97 (CH2), 32.10 (CHz), 33.41 
(CH3), 33.49 (CH3), 34.70 (CH2), 42.46 (CH2), 42.87 (CH), 46.65 (C), 47.88 (CH2), 
58.02 (C), 70.10 (CH), 71.42 (CH), 71.70 (CH), 71.88 (CH), 101.61 (CH), 101.68 
(CH), 102.73 (CH), 107.25 (CH), 122.55 (C), 122.60 (C), 123.11 (CH), 123.36 
(CH), 124.12 (CH), 125.41 (C), 125.66 (C), 126.08 (C), 127.22 (CH), 132.00 (C), 
132.12 (C), 145.08 (C), 150.79 (C), 151.38 (C), 152.17 (c), 152.44 (c), 153.33 (C), 
153.38 (C), 154.57 (C) and 213.78 (C=O). 
(S)-(+)-Camphorsulfonyl chloride 59: 
(S)-(+)-Camphorsulfonic acid (2.0 g, 8.6 mmol) was dissolved in thionyl chloride 
(1.6 mL, 21.5 mmol) in a 25 mL oven-dried round bottomed flask under nitrogen. 
The reaction mixture was slowly heated to 60°C. After three hours, the excess of 
thionyl chloride was removed under reduced pressure to give the title compound as 
a brown solid (2.2 g, quantitative yield). OH (400 MHz, CDCh) 0.93 (3 H, s, Me), 
1.14 (3 H, s, Me), 1.74-1.82 (2 H, m), 1.99 (1 H, d, J= 18.6 Hz), 2.07-2.19 (2 H, m), 
2.39-2.50 (1 H, m), 3.75 and 4.31 (2 H, AB, J= 14.6 Hz). This product showed 
identical properties to the commercially available compound. 
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Compounds 57a/57b and compounds 60a/60b: 
First method: 
Tetraisopropyloxyresorcinarene 24 (0.2 g, 0.21 mmol) was dissolved in 
tetrahydrofuran (20 mL) in a 100 mL oven-dried round bottomed flask under 
nitrogen and the solution was cooled to -78°C. n-Butyllithium in hexanes (0.18 
mL, 0.44 mmol) was slowly added to the solution and the reaction mixture was 
stirred for thirty minutes at -78°C. (S)-(+)-Camphorsulfonyl chloride 61 (0.11 g, 
0.44 mmol) in tetrahydrofuran (5 mL) was then slowly added via a cannula to the 
reaction mixture. The mixture was allowed to reach room temperature and was 
stirred for twelve hours. A solution of hydrochloric acid (3.5M) was then added to 
bring the pH below 7 and the phases were separated. The aqueous phase was then 
extracted with diethyl ether (3 x 10 mL). The combined organic phases were 
washed with brine, dried over anhydrous sodium suI fate and concentrated under 
reduced pressure. The residue was placed on a column of silica gel and eluted with 
dichloromethane: ethyl acetate (99.5:0.5) to give the title compounds as white foams 
[Monocamphorsulfonates: first eluting diastereoisomer 57a (0.062 g, 25%); second 
eluting diastereoisomer 57b (0.061 g, 25%) and dicamphorsulfonates: first eluting 
diastereoisomer 60a (0.024 g, 8%); second eluting diastereoisomer 60b (0.023 g, 
8%)]. 
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First eluting diastereoisomer 60a: 
[a]D25= +27.8 (1.2, CHCh). Found (MALDI-TOF): 1387.8 [M+Nat; the isotopic 
distribution of the observed data matched the theoretical [M+Nat isotopic 
distribution. Found: C, 70.6 H, 8.4. CSOH1l6014S2 requires C, 70.3; H, 8.6 %. Vrnax 
(DCM)/cm-1 3500,2954,2928,2857, 1748, 1494, 1372, 1189, 1114, 1053 and 850; 
OH(400 MHz, CDCh) 0.81-0.92 (24 H, m), 1.01 (3 H, s), 1.17 (3 H, s), 1.23-1.44 (46 
H, m), 1.59-1.67 (2 H, m), 1.70-2.14 (12 H, m), 2.38-2.44 (3 H, m), 2.49-2.60 (1 H, 
m), 3.29 and 3.65 (2 H, AB, J= 15.2 Hz), 3.34 and 3.84 (2 H, AB, J= 15.2 Hz), 
4.20-4.32 (3 H, m), 4.51-4.61 (4 H, m), 4.75 (1 H, t, J= 7.6 Hz), 6.22 (1 H, s), 6.42 
(1 H, s), 6.52 (1 H, s), 6.54 (1 H, s), 6.80. (1 H, s), 6.86 (1 H, s), 6.89 (1 H, s), 6.92 
(1 H, s), 7.08 (1 H, s, OH) and 7.33 (1 H, s, OH); Oe (lOO MHz, CDCh) 14.10 
(CH3), 14.14 (CH3), 19.66 (CH3), 19.74 (CH3), 19.82 (CH3), 20.00 (CH3), 21.51 
(CH3), 21.67 (CH3), 21.77 (CH3), 21.86 (CH3), 21.87 (CH3), 21.93 (CH3), 22.18 
. (CH3), 22.20 (CH3), 22.57 (CH2), 22.60 (CH2), 22.61 (CH2), 22.75 (CH2), 25.09 
(CH2), 25.21 (CH2), 26.80 (CH2), 26.88 (CH2), 27.45 (CH2), 27.60 (CH2), 29.69 
(CH2), 31.93 (CH2), 31.99 (CH2), 32.16 (CH2), 34.28 (CH), 34.48 (CH2), 34.54 
(CH2), 34.82 (CH), 35.73 (CH2), 36.21 (CH2), 42.45 (CH2), 42.49 (CH2), 42.96 
(CH), 47.56 (C), 47.85 (CH2), 48.15 (C), 58.13 (C), 58.17 (C), 69.91 (CH), 70.90 
(CH), 71.51 (CH), 71.58 (CH), 101.90 (CH), 101.98 (CH), 107.16 (CH), 107.61 
(CH), 114.54 (C), 122.46 (C), 123.97 (C), 123.46 (CH), 124.02 (CH), 124.10 (C), 
128.14 (CH), 125.80 (CH), 125.93 (C), 126.50 (CH), 128.60 (C), 130.92 (C), 
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132.00 (C), 133.04 (C), 145.18 (C), 146.07 (C), 152.Q1 (C), 152.21 (C), 152.25 (C), 
152.79 (C), 152.87 (C), 154.73 (C) and 213.95 (C=O). 
Second eluting diastereoisomer 60b: 
[U]D2S= +11.2 (1.3, CHC13). Found (MALDI-TOF): 1387.8 [M+Naf; the isotopic 
distribution of the observed data matched the theoretical [M+Nar isotopic 
distribution. Found: C; 69.9 H, 8.3. CSOH1I6014S2 requires C, 70.3; H, 8.6 %. Vmnx 
(DCM)/cm-1 3500, 2954,2927,2857, 1748, 1495, 1373, 1190, 1114, 1053 and 850; 
OH (400 MHz, CDCb) 0.81-0.92 (24 H, m), 1.06 (3 H, s), 1.24 (3 H, s), 1.23-1.44 
(46 H, m), 1.50-1.59 (1 H, m), 1.67-1.75 (1 H, m), 1.77-2.14 (12 H, m), 2.34-2.43 (3 
H, m), 2.52-2.64 (1 H, m), 3.12and}.68 (2 H, AB, J= 14.7 Hz), 3.25 and 3.93 (2 H, 
AB, J= 14.7 Hz), 4.23-4.32 (3 H, m), 4.51-4.59 (4 H,m), 4.74 (1 H, t, J~ 7.6 Hz), 
6.23 (1 H, s), 6.42 (1 H, s), 6.49 (1 H, s), 6.50 (1 H, s), 6.81 (1 H, s), 6.90 (1 H, s), 
6.91 (1 H, s), 6.93 (1 H, s), 7.06 (1 H, s, OH) and 7.32 (1 H, s, OH); oc (lOO MHz, 
CDCb) 14.09 (CH3), 14.10 (CH3), 14.13 (CH3), 19.70 (CH3), 19.76 (CH3), 19.89 
(CH3), 20.00 (CH3), 21.42 (CH3), 21.66 (CH3), 21.76 (CH3), 21.83 (CH3), 21.85 
(CH3), 21.93 (CH3), 22.05 (CH3), 22.22 (CH3), 22.58 (CH2), 22.59 (CH2), 22.62 
(CH2), 22.75 (CH2), 25.17 (CH2), 25.65 (CH2), 26.79 (CH2), 26.91 (CH2), 27.44 
(CH2), 27.47 (CH2), 28.02 (CH2), 31.91 (CH2), 31.94 (CH2), 31.96 (CH2), 32.18 
(CH2), 33.40 (CH), 34.26 (CH), 34.53 (CH2), 35.73 (CH2), 36.32 (CH2), 42.41 
(CH2), 42.46 (CH2), 42.96 (CH2), 43.18 (CH), 47.70 (CH2), 47.76 (c), 47.82 (C), 
48.30 (CH2), 58.09 (c), 58.11 (C), 70.10 (CH), 70.90 (CH), 71.00 (CH), 71.45 
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(CH), 101.71 (CH), 101.97 (CH), 106.80 (CH), 107.15 (CH), 114.55 (C), 122.32 
(C), 123.89 (C), 123.95 (CH), 124.00 (C), 125.73 (CH), 125.94 (CH), 126.40 (CH), 
128.41 (C), 130.47 (C), 131.86 (C), 132.62 (C), 145.02 (C), 146.25 (C), 152.07 (C), 
152.21 (C), 152.29 (C), 152.78 (C), 152.93 (C), 154.70 (C), 213.62 (C=O) and 
213.88 (C=O). 
Second method: 
Tetraisopropyloxyresorcinarene 24 (0.1 g, 0.11 mmol) was dissolved in pyridine (15 
mL) in a 50 mL oven-dried round bottomed flask under nitrogen. (S)-(+)-
camphorsulfonyl chloride (0.43 g, 1.90 mmol) was added to the solution and the 
mixture was heated under reflux for forty-eight hours. The mixture was allowed to 
cool to room temperature, water (20 mL) was added and the aqueous phase was 
extracted with diethyl ether (3 x 20 mL). The combined organic phases were 
washed with a solution of hydrochloric acid (10%, 10 mL), washed with a saturated 
solution of copper (II) sulfate (20 mL), washed with brine, dried on anhydrous 
sodium sulfate and concentrated under reduced pressure. The residue was placed on 
a column of silica gel and eluted with dichloromethane: ethyl acetate (98:2) to give 
the title compounds as white foams. [First eluting diastereoisomer 60a (0.049 g, 
34%); second eluting diastereoisomer 60b (0.044 g, 30%)]. 
Third method: 
Tetraisopropyloxyresorcinarene 24 (0.20 g, 0.21 mmol) was dissolved in 
tetrahydrofuran (20 mL) iri-a'lOO mL oven-dried round bottomed flask under 
nitrogen and the solution was cooled to 0 cC. n-Butyllithium in hexanes (0.68 mL, 
1. 71 mmol) was slowly added to the solution and the reaction mixture was stirred 
for thirty minutes at 0 cC. (S)-(+)-camphorsulfonyl chloride 61 (0.54 g, 2.14 mmol) 
in tetrahydrofuran (5 mL) was then slowly added via a cannula to the reaction 
mixture. The mixture was allowed to reach room temperature and was stirred for 
twelve hours. A solution of hydrochloric acid (3.5M) was then added to bring the 
pH below 7 and the phases were separated. The aqueous phase was then extracted 
with diethyl ether (3 x 25 mL). The combined organic phases were washed with 
brine, dried over anhydrous sodium sulfate and concentrated under reduced 
pressure. The residue was placed on a column of silica gel and eluted with 
dichloromethane: ethyl acetate (98:2) to give the title compounds as white foams. 
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[First eluting diastereoisomer 60a (0.13 g, 41%); second eluting diastereoisomer 
60b (0.13 g, 41%)]. 
Compounds 58a/58b and compounds 6la/lb: 
First method: 
Tetracyclopentyloxyresorcinarene 27 (0.20 g, 0.19 mmol) was dissolved in 
tetrahydrofuran (25 mL) in a 100 mL oven-dried round bottomed flask under 
nitrogen and the solution was cooled to -78 QC: n-Butyllithium in hexanes (0.16 
mL, 0040 mmol) was slowly added to the solution and the reaction mixture was 
stirred for thirty minutes at -78 QC. (S)-(+)-Camphorsulfonyl chloride 59 (0.10 g, 
1.92 mmol) in tetrahydrofuran (5 mL) was then slowly added via a cannula to the 
reaction mixture. The mixture was allowed to warm to room temperature and was 
stirred for twelve hours. A solution of hydrochloric acid (3.5M) was then added to 
bring the pH below 7 and the phases were separated. The aqueous phase was then 
extracted with diethyl ether (3 x 20 mL). The combined organic phases were 
washed with brine, dried over anhydrous sodium sulfate and concentrated under 
reduced pressure. The residue was placed on a column of silica gel and eluted with 
dichloromethane: ethyl acetate (99.5:0.5) to give the title compounds as white 
foams. [Monocamphorsulfonates: first eluting diastereoisomer 58a (0.055 g, 23%); 
second eluting diastereoisomer 58b (0.056 g, 23%) and dicamphorsulfonates: first 
eluting diastereoisomer 6la (0.031 g, 11%); second eluting diastereoisomer 6lb 
(0.031 g, 11%)]. 
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First eluting diastereoisomer 58a: 
o "CsH1 CsH11 , OH 
GHO I: oj:) 
[1l]DZS= +26.7 (0.9, CHCI3). Found (MALDI-TOF): 1277.8 [C78HllOOllS+Nat; the 
isotopic distribution of the observed data matched the theoretical [M+Nat isotopic 
distribution. Vmax (DCM)/cm-1 3393, 2954, 2927, 1747, 1618, 149 and, 1172; OH 
(400 MHz, CDCh) 0.83-0.89 (12 H, m), 0.90 (3 H, s), 1.15 (3 H, s), 1.16-1.36 (24 
H, m), 1.39-1.56 (2 H, m), 1.59-1.71 (9 H, m), 1.77-2.00 (25 H, m), 2.08-2.19 (9 H, 
m), 2.38-2.44 (I H, m), 2.54-2.61 (1 H, m), 3.21 and 3.80 (2 H, AB, J= 14.8 Hz), 
4.19-4.28 (3 H, m), 4.54-4.63 (2 H, m), 4.72-4.75 (1 H, m), 4.84 (I H, quintet, J= 
4.0 Hz), 4.93 (1 H, quintet, J= 2.8 Hz), 6.22 (1 H, s), 6.31 (I H, s), 6.41 (I H, s), 
6.87 (1 H, s), 7.06 (1 H, s), 7.08 (1 H, s), 7.12 (I H, s), 7.17 (1 H, s), 7.22 (1 H, s, 
OH), 7.32 (1 H, s, OH) and 7.42 (1 H, s, OH); oc(100 MHz, CDCh) 14.11 (CH3), 
14.18 (CH3), 19.73 (CH3), 19.99 (CH3), 22.60 (CI-h), 22.66 (CHz), 22.73 (CH2), 
22.76 (CHz), 23.70 (CHz), 23.78 (CH2), 23.83 (CH2), 24.01 (CH2), 24.09 (CIh), 
24.12 (CHz), 24.40 (CHz), 24.54 (CH2), 25.29 (CHz), 27.40 (CHz), 27.66 (CH2), 
27.80 (CHz), 29.72 (CHz), 31.65 (CH2), 31.87 (CH2), 31.90 (CH2), 32.02 (CHz), 
32.33 (CHz), 32.44 (CH2), 32.47 (CHz), 32.73 (CH2), 32.83 (CH2), 32.93 (CHz), 
32.95 (CHz), 32.98 (CH2), 33.19 (CH), 33.24 (CH), 33.29 (CH), 33.49 (CH), 33.74 
(CHz), 34.56 (CH2), 34.85 (CHz), 35.83 (CHz), 42.50 (CH2), 42.87 (CH), 47.52 
(CH2), 47.85 (C), 58.17 (C), 79.01 (CH), 80.76 (CH), 80.88 (CH), 81.23 (CH), 
101.23 (CH), 101.61 (CH), 102.44 (CH), 106.75 (CH), 121.84 (c), 122.08 (C), 
122.92 (CH), 123.25 (CH), 123.29 (C), 124.84 (CH), 125.08 (C), 125.39 (C), 
125.80 (C), 127.45 (CH), 131.98 (C), 132.09 (C), 144.91 (C), 151.06 (C), 151.58 
(C), 151.93 (C), 152.87 (C), 153.18 (C), 153.21 (c), 154.92 (C) and 214.01 (C=O). 
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Second eluting diastereoisomer 58b: 
HO "CSH1 CSH11, 0 
0:0 I: OHO 
[a]D2S= +4.6 (1.3, CHCh). Found (MALDI-TOF): 1277.8 [CnHlloOllS+Nat; the 
isotopic distribution of the observed data matched the theoretical [M+Nat isotopic 
distribution. Ym .. (DCM)/cm-1 3393, 2953, 2928, 1747, 1583, 1493 and 1169; OH 
(400 MHz, CDCh) 0.83-0.92 (15 H, m), 1.15 (3 H, s), 1.16-1.36 (24 H, m), 1.39-
1.56 (2 H, m), 1.59-2.00 (34 H, m), 2.09-2.21 (9 H, m), 2.39-2.43 (1 H, m), 2.48-
2.59 (1 H, m), 3.21 and 3.86 (2 H, AB, J= 14.5 Hz), 4.19-4.30 (3 H, m), 4.54-4.62 
(2 H, m), 4.71-4.74 (1 H, m), 4.82 (1 H, quintet, J= 4.1 Hz), 4.93 (I H, m), 6.22 (I 
H, s), 6.31 (I H, s), 6.42 (I H, s), 6.89 (1 H, s), 7.06 (1 H, s), 7.07 (1 H, s), 7.09 (1 
H, s), 7.16 (1 H, s), 7.22 (1 H, s, OH), 7.33 (1 H, s, OH) and 7.44 (1 H, s, OH); Oc 
(100 MHz, CDCh) 14.12 (CH3), 14.18 (CH3), 19.70 (CH3), 19.96 (CH3), 22.60 
(CH2), 22.66 (CH2), 22.74 (CH2), 22.75 (CH2), 23.70 (CH:z), 23.80 (CH:z), 23.85 
(CH2), 24.00 (Clh), 24.10 (CH2), 24:13 (Clh),·24.4-l- (CH:z-};-24.54 (CH2), 25.10 .... - . 
(CH2), 26.94 (CH2), 27.40 (CH2), 27.65 (CH:z), 27.83 (CH2), 31.65 (CH2), 31.87 
(CH2), 31.90 (CH2), 32.01 (CH2), 32.30 (CH:z), 32.43 (CH2), 32.47 (CH2), 32.79 
(CH:z), 32.82 (CH2), 32.95 (CH2), 32.98 (CH2), 33.16 (CH), 33.23 (CH), 33.50 
(CH), 33.66 (CH2), 34.56 (CH:z), 34.97 (CH2), 35.96 (CH:z), 42.54 (CH:z), 42.87 
(CH), 47.86 (C), 47.99 (CH2), 58.04 (C), 79.09 (CH), 80.77 (CH), 80.87 (CH), 
81.11 (CH), 101.27 (CH), 101.57 (CH), 102.48 (CH), 106.68 (CH), 121.85 (C), 
122.10 (C), 122.86 (CH), 123.18 (CH), 123.39 (C), 124.90 (CH), 125.05 (C), 
125.43 (c), 125.78 (C), 127.42 (CH), 131.78 (C), 131.97 (C), 144.46 (c), 151.04 
(C), 151.54 (C), 151.92 (C), 152.91 (C), 153.18 (C), 153.25 (c), 154.98 (C) and 
213.82 (C=O). 
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First eluting diastereoisomer 61a: 
9 
o 
o 
~~o, 
[alD25= +25.7 (1.3, CHCh). Found (MALDI-TOF): 1491.8 [C88H124014S2+Nat; the 
isotopiC distribution of the observed data matched the theoretical [M+Nat isotopic 
distribution. Found: C, 71.6 H, 8.4. C8sHl24014S2 requires C, 71.9; H, 8.5 %. Vrnax 
(DCM)/cm-1 3501, 2954, 2928 2869, 2358, 1748, 1493, 1454, 1357, 1171 and 832; 
OH (400 MHz, CDCh) 0.77 (3 H, s), 0.82-0.89 (12 H, m), 0.92 (3 H, s), 0.97 (3 H, 
s), 1.18 (3 H, s), 1.20-1.36 (24 H, m), 1.37-1.56 (2 H, m), 1.59-2.19 (48 H, m), 2.33-
2.45 (3 H, m), 2.55-2.63 (I H, m), 3.14 and 3.61 (2 H, AB, J= 14.9 Hz), 3.29 and 
3.82 (2 H, AB, J= 14.9 Hz), 4.17-4.25 (2 H, m), 4.47-4.54 (2 H, m), 4.70-4.84 (4 H, 
-.. ~- _ .. . """'~",;:..-~~.- .. - -", ... 
m), 6.19 (1 H, s), 6.33 (1 H, s), 6.34 (1 H, m), 6.41 (1 H, s), 6.74 (1 H, s), 6.88 (3 H, 
s), 7.05 (1 H, s, OH) and 7.30 (1 H, s, OH); oe (lOO MHz, CDCh) 14.09 (CH3), 
14.14 (CH3), 19.59 (CH3), 19.73 (CH3), 19.81 (CH3), 20.03 (CH3), 22.58 (CH2), 
22.62 (CH2), 22.74 (CH2), 23.86 (CH2), 24.02 (CH2), 24.10 (CH2), 24.14 (CH2), 
24.25 (CH2), 24.35 (CH2), 25.16 (CH2), 25.27 (CH2), 26.81 (CH2), 26.88 (CH2), 
27.45 (CH2), 27.63 (CH2), 27.95 (CH2), 31.88 (CH2), 31.90 (CH2), 32.03 (CH2), 
32.15 (CH2), 32.28 (CH2), 32.47 (CH2), 32.60 (CH2), 32.72 (CH2), 32.77 (CH2), 
32.92 (CH2), 33.12 (CH2), 33.40 (CH), 34.31 (CH), 34.52 (CH2), 35.84 (CH2), 
36.46 (CH2), 42.44 (CH2), 42.50 (CH2), 43.00 (CH), 47.44 (CH2), 47.77 (C), 47.81 
(C), 48.13 (CH2), 58.11 (C), 58.18 (C), 78.94 (CH), 80.11 (CH), 80.84 (CH), 101.00 
(CH), 101.62 (CH), 106.55 (CH), 106.84 (CH), 121.64 (C), 123.17 (C), 123.67 (C), 
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124.04 (CH), 125.54 (c), 125.82 (CH), 125.88 (CH), 126.45 (c), 128.18 (C), 
130.35 (c), 131.45 (C), 132.47 (C), 145.21 (C), 146.11 (C), 152.04 (c), 152.33 (C), 
152.57 (C), 152.63 (C), 152.96 (c), 154.87 (C), 213.93 (C=O) and 217.09 (C=O). 
Second eluting diastereoisomer 61 b: 
0-0 
HO 
[a.]D2l= +5.8 (1.2, CHCh). Found (MALDI-TOF): 1491.8 [CSSH124014S2+Nat; the 
isotopic distribution of the observed data matched the theoretical [M+Nat isotopic 
distribution. Found: C, 71.9 H, 8.4. C88H124014S2 requires C, 71.9; H, 8.5 %. Vmax 
(DCM)/cm-1 3500, 2954, 2928, 2868,1749,1494,1455,1356,1172, 1051 and 833; 
OH (400 MHz, CDCh) 0.87 (3 H, s), 0.90-0.96 (12 H, m), 0.97 (3 H, s), 1.11 (3 H, 
s), 1.23 (3 H, s), 1.25-1.37(24 H,m), lJ9-r.SO (iH,m), 1.59-2.17 (47 H, ill); 2.20 
(1 H, t, J 4.3 Hz), 2.38-2.51 (3 H, m), 2.61-2.67 (1 H, m), 3.14 and 3.61 (2 H, AB, 
J= 14.9 Hz), 3.29 and 3.82 (2 H, AB, J= 14.9 Hz), 4.17-4.25 (2 H, m), 4.47-4.54 (2 
H, m), 4.70-4.84 (4 H, m), 6.19 (1 H, s), 6.33 (1 H, s), 6.34 (1 H, m), 6.41 (1 H, s), 
6:74 (1 H, s), 6.88 (3 H, s), 7.05 (1 H, s, OH) and 7.30 (1 H, s, OH); oc (100 MHz, 
CDCh) 14.09 (CH3), 14.14 (CH3), 19.59 (CH3), 19.73 (CH3), 19.81 (CH3), 20.03 
(CH3), 22.58 (CH2), 22.62 (CH2), 22.74 (CH2), 23.86 (CH2), 24.02 (CH2), 24.10 
(CH2), 24.14 (CH2), 24.25 (CH2), 24.35 (CH2), 25.16 (CH2), 25.27 (CH2), 26.81 
(CH2), 26.88 (CH2), 27.45 (CH2), 27.63 (CH2), 27.95 (CH2), 31.88 (CH2), 31.90 
(CH2), 32.03 (CH2), 32.15 (CH2), 32.28 (CH2), 32.47 (CH2), 32.60 (CH2), 32.72 
(CH2), 32.77 (CH2), 32.92 (CH2), 33.12 (CH2), 33.40 (CH), 34.31 (CH), 34.52 
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(CH2), 35.84 (CH2), 36.46 (CH2), 42.44 (CH2), 42.50 (CH2), 43.00 (CH), 47.44 
(CH2), 47.77 (C), 47.81 (C), 48.13 (CH2), 58.11 (C), 58.18 (C), 78.94 (CH), 80.11 
(CH), 80.84 (CH), 101.00 (CH), 101.62 (CH), 106.55 (CH), 106.84 (CH), 121.64 
(C), 123.17 (C), 123.67 (C), 124.04 (CH), 125.54 (C), 125.82 (CH), 125.88 (CH), 
126.45 (C), 128.18 (C), 130.35 (C), 131.45 (C), 132.47 (C), 145.21 (C), 146.11 (C), 
IS2.04 (C), 152.33 (C), IS2.57 (C), 152.63 (C), 152.96 (C), 154.87 (C), 213.93 
(C=O) and 217.09 (C=O). 
Second method: 
Tetracyc1openty10xyresorcinarene 27 (O.SO g, 0.48 mmol) was dissolved in pyridine 
(40 mL) in a 1000 mL oven-dried round bottomed flask under nitrogen. (S)-( +)-
camphorsulfonyl chloride (1.44 g, 5.77 mmol) was added to the solution and the 
mixture was heated under reflux for forty-eight hours. The mixture was allowed to 
cool to room temperature, water (SO mL) was added and the aqueous phase was 
extracted with diethyl ether (3 x 50 mL). The combined organic phases were 
washed with a solution of hydrochloric acid (10%, 40 mL), washed with a saturated 
solution of copper (ll) sulfate (40 mL), washed with brine, dried on anhydrous 
sodium sulfate and concentrated under reduced pressure. The residue was placed on 
a column of silica gel and eluted with dichloromethane: ethyl acetate (99: 1) to give 
the title compounds as white foams. [First eluting diastereoisomer 61a (0.16 g, 
23%); second eluting diastereoisomer 61b (0.16 g, 23%)]. 
Third method: .. .:. 
Tetracyclopentyloxyresorcinarene 27 (0.20 g, 0.19 mmol) was dissolved in 
tetrahydrofuran (25 mL) in a 100 mL oven-dried round bottomed flask under 
nitrogen and the solution was cooled to 0 °C. n-Butyllithium in hexanes (0.62 mL, 
I.S4 mmol) was slowly added to the solution and the reaction mixture was stirred 
for thirty minutes at 0 °C. (S)-(+)-Camphorsulfonyl chloride 59 (0.48 g, 1.92 mmol) 
in tetrahydrofuran (S mL) was then slowly added via a cannula to the reaction 
mixture. The mixture was allowed to warm to room temperature and was stirred for 
twelve hours. A solution of hydrochloric acid (3.SM) was then added to bring the 
pH below 7 and the phases were separated. The aqueous phase was then extracted 
with diethyl ether (3 x 25 mL). The combined organic phases were washed with 
brine, dried over anhydrous sodium sulfate and concentrated under reduced 
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pressure. The residue was placed on a column of silica gel and eluted with 
dichloromethane: ethyl acetate (99: 1) to give the title compounds as white foams. 
[First eluting diastereoisomer 61a (O.OS g, 2S%); second eluting diastereoisomer 
61b (0.08 g, 2S%)]. 
Tetracamphorsulfonates 62a and 62b: 
Tetramethoxyresorcinarene 22 (1.0 g, 1.2 mmol) was dissolved in tetrahydrofuran 
(50 mL) in a 100 mL oven-dried round bottomed flask under nitrogen and the 
solution was cooled to 0 QC. n-Butyllithium in hexanes (4.9 mL, 9.7 mmol) was 
slowly added to the solution and the reaction mixture was stirred for thirty minutes 
at 0 QC. (S)-camphorsulfonyl chloride 61 (3.0 g, 12.1 mmol) in tetrahydrofuran (IO 
mL) was then slowly added via a cannula to the reaction mixture. The mixture was 
allowed to warm to room temperature and was stirred for twelve hours. A solution 
of hydrochloric acid (3.5M) was then added to bring the pH below 7 and the phases 
were separated. The aqueous phase was then extracted with diethyl ether (3 x 25 
mL). The combined organic phases were washed with brine, dried over anhydrous 
sodium sulfate and concentrated under reduced pressure. The residue was placed on 
a column of silica gel and eluted with dichloromethane: diethyl ether (96:4) to give 
the title compounds as white foams. [First eluting diastereoisomer 62a (0.683 g, 
33%); second eluting diastereoisomer 62b (0.675 g, 33%)]. 
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First eluting diastereoisorner 62a: 
22 
9 
11 10 
12 
[U]D25= +41.8 (1.1, CHCh). Found (FAB): 1681.7935; [CnH12802oS4+Hr requires 
1681.7960. Vmax (DCM)/crn-1 2955, 2929, 2858, 1747, 1497, 1455, 1356, 1193, 
1129, 1068, 1053, 831 and 810; OH (400 MHz, CDCh) 0.85 (12 H, t, J= 7.0 Hz, 
HI2), 0.89 (12 H, s, H22), 1.12 (12 H, s, H22), 1.24-1.35 (24 H, rn, H9-11), 1.44 (4 
H, ddd, J= 12.7 Hz, J= 9.3 Hz, J= 3.8 Hz, HI9), 1.68 (4 H, ddd, J= 14.0 Hz, J= 9.3 
Hz, J= 4.3 Hz, H20), 1.79-1.86 (S H, rn, H8), 1.99 (4 H, d, J= 18.4 Hz, HI7), 2.03-
2.13 (8 H, rn, H19 and HI 8), 2.41 (4 H, dt, J= 9.3 Hz, J= 3.8 Hz, HI7), 2.51 (4 H, 
ddd, J= 14.0 Hz, J= 11.9 Hz, J= 4.3 Hz, H2O), 3.24 and 3.S2 (S H, AB, J= 15.0 Hz, 
HI4), 3.65 (12 H, s, H13), 4.48 (4 H, t, J= 7.3 Hz, H7), 6.69 (4 H, s, H2) and 6.78 
(4 H, s, H5); Oc (100 MHz, CDCh) 14.18 (CI2), 19.72 (C22), 19.91 (C22), 22.64 
(Cll), 25.11 (C20), 26.88 (CI9), 27.66 (CI0), 32.07 (C9), 34.75 (CS), 36.05 (C7), 
42.49 (CI7), 42.91 (ClS), 47.87-(C21), 4S.46 (CI4), 55.S9 (CB), 5S.ll (CI5), 
104.75 (C2), 126.23 (C5), 128.34 (C4 or C6), 131.10 (C4 or C6), 145.74 (Cl), 
155.40 (C3) and 214.04 (CI6). 
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Second eluting diastereoisomer 62b: 
11 10 
12 
[a]D2S= +12.3 (1.2, CHCh). Found (MALDI-TOF): 1704.8 [C92H128020S4+Nat; the 
isotopic distribution of the observed data matched the theoretical [M+Nat isotopic 
distribution. Vrnax (DCM)/cm-l 2954, 2928, 2856, 1747, 1613, 1582, 1496, 1356, 
1277, 1193, 1179, 1067, 1053,832 and 810; OH (400 MHz, CDCh) 0.85 (12 H, t, J= 
7.0 Hz, HI2), 0.93 (12 H, s, H22), 1.16 (12 H, s, H22), 1.25-1.36 (24 H, m, H9-11), 
1.38-1.49 (4 H, m, H19), 1.65 (4 H, ddd, J= 14.0 Hz, J= 9.2 Hz, J= 4.4 Hz, H2O), 
1.79-l.85 (8 H, m, H8), l.97 (4 H, d, J= 18.4 Hz, HI7), 2.01-2.17 (8 H, m, H19 and 
HI8), 2.41 (4 H, dt, J= 9.3 Hz, J= 3.6 Hz, H17), 2.46 (4 H, ddd, J= 14.0 Hz, J= 
12.0 Hz, J= 3.8 Hz, H2O), 3.25 and 3.85 (8 H, AB, J= 14.8 Hz, H14), 3.70 (12 H, s, 
H13), 4.47 (4 H, t, J= 7.2 Hz, H7), 6.66 (4 H, s, H2) and 6.82 (4 H, s, H5); Oc (100 
MHz, CDCh) 14.12 (CI2), 19.74 (C22), 20.05 (C22), 22.62 (C11), 25.12 (C20), 
26.89 (CI9), 27.7Q (Clq), 32.04 (C9),.34.58 (C8), 36.20 (C7), 42.42 (CI7), 43.02 
(CI8), 47.81 (C21), 48.63 (CI4), 55.88 (CB), 58.14 (CI5), 104.81 (C2), 126.20 
(C5), 128.17 (C4 or C6), 130.94 (C4 or C6), 145.84 (Cl), 155.48 (C3) and 213.84 
(CI6). 
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2,8,14,20-Tetra pen tyl-4, 1 0,16,22-tetrameth oxym ethyl-6, 12,18,24-
tetraisopropyloxyresorcinarene 63a (only one enantiorner represented) : 
13 12 
14 
Resorcinarene 24 (0.35 g, 0.4 mmol) was dissolved in tetrahydrofuran (10 mL) in a 
50 mL oven-dried round bottomed flask under nitrogen and the solution was cooled 
to 0 °C. n-Butyllithium in hexanes (0.9 mL, 2.2 mmol) was slowly added to the 
solution and the reaction mixture was stirred for thirty minutes at 0 °C. 
Methoxymethyl chloride (0.17 mL, 2.2 mmol) was then added to the reaction 
mixture. The mixture was allowed to warm to room temperature and was stirred for 
twelve hours. Brine (20 mL) was then added and the phases were separated. The 
aqueous phase was then extracted with diethyl ether (3 x IO mL). The combined 
organic phases were washed with brine, dried over anhydrous sodium sulfate and 
concentrated under reduced pressure. The residue was placed on a column of silica 
gel and eluted with ethyl acetate: hexane (15:85) to give the title compound as a 
white foam (0.191 g, 46%). Found [M+Ht 1113.7624 (FAB). [C68HI04012+Ht 
requires 1113.7608; Vrnax (DCM)/crn-1 2953, 2928, 2857, 1609, 1581, 1496, 1284, 
.1149, Ul7, 1058ansill01; .oH(400 MHz, CDCh) 0.84 (12 H, t, J= 6.9 Hz, HI4), . 
0.94-1.03 (8 H, m, H13), 1.19-1.41 (40 H, rn, H8, HlI and HI2), 1.74-1.85 (8 H, m, 
HlO), 3.38 (12 H, s, Hl6), 4.34 (4 H, septet, J= 5.3 Hz, H7), 4.50 (4 H, t, J= 7.5 
Hz, H9), 4.86 (8 H, rn, HI5), 6.49 (4 H, s, H5) and 6.66 (4 H, s, H2); oc(IOO MHz, 
CDCh) 14.17 (CI4), 21.82 (C8), 22.34 (C8), 22.65 (C13), 27.84 (Cll or CI2), 
32.12 (Cl I or CI2), 34.98 (CIO), 35.41 (C9), 55.66 (CI6), 69.82 (C7), 95.18 (CIS), 
101.57 (C2), 126.35 (CS), 128.23 (C4 or C6), 153.37 (Cl or C3) and 153.45 (Cl or 
C3). 
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2,8,14,20-Tetra pen tyl-4, 1 0, 16,22-tetramethoxymethyl-6, 12, 18,24-
tetramethoxyresorcinarene 63b (only one enantiomer represented): 
13 
Resorcinarene 22 (0.50 g, 0.6 mmol) was dissolved in tetrahydrofuran (20 mL) in a 100 
mL oven-dried round bottomed flask under nitrogen and the solution was cooled to -78 
°C. n-Butyllithium in hexanes (2.0 mL, 4.9 mmol) was slowly added to the solution and 
the reaction mixture was stirred for thirty minutes at -78°C. The reaction was then 
allowed to warm up to 0 °C. Methoxymethyl chloride (370 ilL, 4.9 mmol) was then 
added to the reaction mixture. The mixture was allowed to warm to room temperature 
and was stirred for twelve hours. Brine (20 mL) was then added and the phases were 
separated. The aqueous phase was then extracted with diethyl ether (3 x 10 mL). The 
combined organic phases were washed with brine, dried over anhydrous sodium sulfate 
and concentrated under reduced pressure. The residue was placed on a column of silica 
gel and eluted with ethyl acetate: hexane (15: 85) to give the title compound as a white 
foam (0.55 g, 90%). Found (FAB): 1000.6293 [Mt; [C6oH88012t requires 1000.6276. 
Vmax (DCM)/cm"1 2924, 1610, 1582, 1495, 1279, 1147,731; OH (400 MHz, CDCh) 0.87 
(12 H, t, J= 7.0 H2, H13), 1.22-1.39 (24 H, rn, HI0, HIl and HI2), 1.80-1.87 (8 H, m, 
-. ~ .. '~-~-.-' ". '~.-" ', . 
. H9), 3.34 (12 H, s, HI 5), 3.64 (12 H, s, H7), 4.50 (4 H, t, J= 7.6 Hz, H8), 4.74 and 4.86 
(8 H, AB, J= 6.4 Hz, HI4), 6.51 (4 H, s, H5), 6.66 (4 H, s, H2); oc (100 MHz, CDCh) 
14.19 (CB), 22.68 (CI2), 27.85 (C11 or CI0), 32.19 (Cll or CI0), 34.95 (C9), 35.46 
(C8), 55.15 (C7 or CI5), 55.67 (C7 or CI5), 95.60 (CI4), 99.92 (C2), 126.01 (C5), 
126.86 (C4 or C6), 127.38 (C4 or C6), 153.55 (Cl or C3) and 155.47 (Cl or C3). 
218 
(+)-2,8,14,20-Tetra pentyl-4,1 0,16,22-tetrahydroxy-6, 12, 18,24-
tetraisopropyloxyresorcinarene (+)-24: 
First method: 
Compound 57a (0.09 g, 0.08 mmol) was dissolved in ethanol (10 mL) in a 100 mL 
round-bottomed flask under nitrogen. A solution of potassium hydroxide in water 
(20%, 10 mL) was added in one portion and the reaction mixture heated at reflux for 
2 hours. After this time, the reaction was allowed to cool to room temperature and 
stirred another hour. A solution of diluted hydrochloric acid (10%) was added to the 
reaction mixture to neutralise the excess potassium hydroxide. The solution was 
then extracted with diethyl ether (3 x 10 mL) and the organic phases were united, 
washed with brine, dried over anhydrous sodium sulfate and evaporated under 
reduced pressure The residue was placed on a column of silica gel and eluted with 
dichloromethane: ethyl acetate (99.8:0.2) to give the title compound (0.065 g, 89%) 
as a white foam. [alD25 +36.8 (c 1.3, CHCb). Found (FAB): 937.6571 [M+Ht; 
[C60Hg80g+Ht requires 937.6557. Ymax (DCM)/cm-1 3372, 2928, 2858, 1618, 1584, 
1492, 1111, 939, 849, 735; BH (400 MHz, CDCb) 0.90 (12 H, t , J= 7.0 Hz), 1.19-
1.38 (48 H, m), 2.10-2.29 (8 H, m), 4.28 (4 H, t, J= 7.9 Hz), 4.55 (4 H, septet, J= 
6.1 Hz), 6.35 (4 H, s), 7.23 (4 H, s), 7.72 (4 H, s); Bc (100 MHz, CDCb) 14.2, 21.8, 
21.9,22.7,27.8,33.4,34.0,37.6,71.7,102.5, 123.7, 125.4,125.6,151.7,152.8. 
Second method: 
Compound 60a (0.11 g, 0.08 mmol) was dissolved in ethanol (15 mL) in a 100 mL 
round-bottomed flask under nitrogen. A solution of potassium hydroxide in water 
(20%, 15 mL) was added in one portion and the reaction mixture heated at reflux for 
twelve hours. After this time, the reaction was allowed to cool to room temperature. 
A solution of diluted hydrochloric acid (10%) was added to the reaction mixture to 
neutralise the excess potassium hydroxide. The aqueous phase was then extracted 
with diethyl ether (3 x 15 mL) and the organic phases were united, washed with 
brine, dried over anhydrous sodium sulfate and evaporated under reduced pressure 
219 
-.,' 
The residue was placed on a column of silica gel and eluted with dichloromethane: 
ethyl acetate(99.8:0.2) to give the title compound (0.062 g, 82%) as a white foam. 
(-)-2,8,14,20-Tetrapentyl-4,10,16,22-tetrahydroxy-6,12,18,24-
tetraisopropyloxyresorcinarene (-)-24: 
First method: 
Compound 57b (0.09 g, 0.08 mmol) was dissolved in ethanol (10 mL) in a 100 mL 
round-bottomed flask under nitrogen. A solution of potassium hydroxide in water 
(20%, 10 mL) was added in one portion and the reaction mixture heated at reflux for 
2 hours. After this time, the reaction was allowed to cool to room temperature and 
stirred another hour. A solution of diluted hydrochloric acid (10%) was added to the 
reaction mixture to neutralise the excess potassium hydroxide. The aqueous phase 
was then extracted with diethyl ether (3 x 10 mL) and the organic phases were 
united, washed with brine, dried over anhydrous sodium sulfate and evaporated 
under reduced pressure The residue was placed on a column of silica gel and eluted 
with dichloromethane : ethyl acetate(99.8:0.2) to give the title compound (0.06 g, 
82%) as a white foam. [alD25 -36.5 (c 1.2, CHCh). Found (FAB): 936.6474 (M+); 
[C6oHSSOSt requires 936.6474. Vmax (DCM)/cm'l 3372, 2928, 2858, 1618, 1584, 
- _.. ~ - . - - . - .. . 
1492, 1111,939, 849,735; OH (400 MHz, CDCl3) 0.90 (12 H, t ,J 7.0 Hz), 1.19-
1.38 (48 H, m), 2.10-2.29 (8 H, m), 4.28 (4 H, t, J 7.9 Hz), 4.55 (4 H, septet, J 6.1 
Hz), 6.35 (4 H, s), 7.23 (4 H, s), 7.72 (4 H, s); oc (100 MHz, CDCh) 14.2, 21.8, 
21.9,22.7,27.8,33.4,34.0,37.6,71.7,102.5,123.7, 125.4, 125.6, 151.7, 152.8. 
Second method: 
Compound 60b (0.175 g, 0.08 mmol) was dissolved in ethanol (20 mL) in a 100 mL 
round-bottomed flask under nitrogen. A solution of potassium hydroxide in water 
(20%, 20 mL) was added in one portion and the reaction mixture heated at reflux for 
twelve hours. After this time, the reaction was allowed to cool to room temperature. 
A solution of diluted hydrochloric acid (10%) was added to the reaction mixture to 
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neutralise the excess potassium hydroxide. The solution was then extracted with 
diethyl ether (3 x 15 mL) and the organic phases were united, washed with brine, 
dried over anhydrous sodium sulfate and evaporated under reduced pressure The 
residue was placed on a column of silica gel and eluted with dichloromethane: ethyl 
acetate (99.8:0.2) to give the title compound (0.102 g, 85%) as a white foam. 
Tetrabenzoxazine 42b: 
Oy 
~N.I o '<::: 0 I~ 4 
CSH11 
Compound (+)-24 (0.06 g, 0.06 mmol) was dissolved in dry toluene (5 mL) in a 25 
mL oven dried round-bottomed flask under nitrogen. Compound 8 (0.134 g, 0.64 
mmol) in toluene (1 mL) was added in one portion and the reaction mixture heated 
at reflux for 10 days. After this time, the reaction was allowed to cool to room 
temperature and the solvent removed under reduced pressure. The residue was 
placed on a column of silica gel and eluted with ethyl acetate: hexane (2:8) to give 
the title compound (0.051 g, 53%) as a white foam. [a]D2S -9.1 (c 1.5, CHCh). 
Found (FAB): 1518.0123 [M+Ht; [ClOoH!320sN4+Ht requires 1518.0144. vrn .. 
(DCM)/cm-1 2968, 2926, 2857, 1461, 1110,942,700; OH (400 MHz, 50°C, CDCh) 
0.82-0.94 (24 H, m), 1.03 (l2l:i, d, J= 5.2 Hz), 1.18-1.32 (24 H, m), 1.41 (12 H, d, 
J= 6.4 Hz), 1.67-1.76 (4 H, m), 1.92-2.04 (4 H, m), 3.72-3.92 (12 H, m), 4.10 (4 H, 
m), 4.34 (4 H, t, J= 7.2 Hz), 4.52 and 4.93 (8 H, AB, J= 10.0 Hz), 6.86 (4 H, s), 
7.18-7.34 (20 H, m); oc (100 MHz, CDCh) 14.2,21.2,22.3,22.5,22.7,27.9,32.0, 
36.3, 36.5, 46.7, 57.8, 74.0, 78.8, 113.3, 125.7, 127.0, 127.4, 128.3, 144.5, 150.1, 
152.0. 
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(+)-2,8,14,20-T etrapen tyl-4, 10,16,22-tetrahydroxy-6,12,18,24-
tetracyclopentyloxyresorcinarene (+)-27: 
First Method: 
Compound 61a (0.10 g, 0.07 mmol) was dissolved in ethanol (15 mL) in a 100 mL 
round-bottomed flask under nitrogen. A solution of potassium hydroxide in water 
(20%, 15 mL) was added in one portion and the reaction mixture heated at reflux for 
twelve hours. After this time, the reaction was allowed to cool to room temperature. 
A solution of diluted hydrochloric acid (10%) was added to the reaction mixture to 
neutralise the excess potassium hydroxide. The solution was then extracted with 
diethyl ether (3 x 15 mL) and the organic phases were united, washed with brine, 
dried over anhydrous sodium sulfate and evaporated under reduced pressure The 
residue was placed on a column of silica gel and eluted with dichloromethane to 
give the title compound (0.051 g, 72%) as a white foam. [a]D25 +12.0 (c 1.0, 
CHCh). Found (FAB): 1041.7179 [M+Ht; [C6gH960g+Ht requires 1041.7183. 
Vmax (DCM)/cm-1 3370, 2927, 2857, 1619, 1585, 1493, 1166, 973; OH (400 MHz, 
CDCh) 0.90 (12 H, t, J7.0 Hz), 1.20-1.37 (24 H, m), 1.60-1.75 (8 H, m), 1.83-1.97 
(24 H, m), 2.03 (4 H, m), 2.13 (4 H, m), 4.24 (4 H, t, J7.8 Hz), 4_78 (4 H, m), 6.36 
(4 H, s), 7.23(4 H, s),7.62 (4 H, s); Oc (100 MHz, CD Ch); 14.2, 22.7, 23.7, 24.0, 
27.7,31.9,32.4,32.9,33.2,34.0,81.1,.102.5,123.6, 125.1, 125.3, 152.0, 152.7. 
Second method: 
Compound 58a (0.10 g, 0.08 mmol) was dissolved in ethanol (15 mL) in a 50 mL 
round-bottomed flask under nitrogen. Sodium hydroxide (0.22 g, 5.5 mmol) was 
added in one portion and the reaction mixture heated under reflux for twelve hours. 
After this time, the reaction was allowed to cool to room temperature. A solution of 
diluted hydrochloric acid (10%) was added to the reaction mixture to neutralise the 
excess potassium hydroxide. The solution was then extracted with diethyl ether (3 x 
15 mL) and the organic phases were united, washed with brine, dried over 
anhydrous sodium sui fate and evaporated under reduced pressure The residue was 
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placed on a column of silica gel and eluted with dichloromethane to give the title 
compound (0.062 g, 75%) as a white foam. 
(-)-2,8,14,20-Tetrapentyl-4, 1 0, 16,22-tetrahydroxy-6, 12, 18,24-
tetracyciopentyloxyresorcinarene (-)-27: 
First method: 
Compound 61b (0.11 g, 0.07 mmol) was dissolved in ethanol (15 mL) in a 100 mL 
round-bottomed flask under nitrogen. A solution of potassium hydroxide in water 
(20%, 15 mL) was added in one portion and the reaction mixture heated at reflux for 
twelve hours. After this time, the reaction was allowed to cool to room temperature. 
A solution of diluted hydrochloric acid (10%) was added to the reaction mixture to 
neutrali se the excess potassium hydroxide. The solution was then extracted with 
diethyl ether (3 x 15 mL) and the organic phases were united, washed with brine, 
dried over anhydrous sodium sulfate and evaporated under reduced pressure. The 
residue was placed on a column of silica gel and eluted with dichloromethane to 
give the title compound (0.061 g, 79%) as a white foam. [a]D25 -12.3 (c 1.1, 
CHCh). Found (FAB): 1041.7176 [M+Ht; [C6gH960g+Ht requires 104l.7183. 
Found:. C, 78.5 H, 9.1. C6sH960g requires C, 78.4; H, 9.3 % Vrnax (DCM)/cmo1 3370, 
2927, 2857, 1619, 1585, 1493, 1166, 973; OH (400 MHz, CDCh) 0.90 (12 H, t, 
J=7.0 Hz), 1.20-1.37 (24 H, m), 1.60-1.75 (8 H, m), 1.83-1.97 (24 H, m), 2.03 (4 H, 
m), 2.13 (4 H, m), 4.24 (4 H, t, J= 7.8 Hz), 4.78 (4 H, m), 6.36 (4 H, s), 7.23 (4 H, 
s), 7.62 (4 H, s); oc(100 MHz, CDCh); 14.2,22.7,23.7,24.0,27.7,31.9,32.4,32.9, 
33.2,34.0,81.1,102.5,123.6,125.1,125.3,152.0,152.7. 
Second method: 
Compound 58b (0.l1 g, 0.09 mmol) was dissolved in ethanol (15 mL) in a 50 mL 
round-bottomed flask under nitrogen. Sodium hydroxide (0.22 g, 5.5 mmol) was 
added in one portion and the reaction mixture heated under reflux for twelve hours. 
After this time, the reaction was allowed to cool to room temperature. A solution of 
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diluted hydrochloric acid (10%) was added to the reaction mixture to neutralise the 
excess potassium hydroxide. The solution was then extracted with diethyl ether (3 x 
15 mL) and the organic phases were united, washed with brine, dried over 
anhydrous sodium sulfate and evaporated under reduced pressure The residue was 
placed on a column of silica gel and eluted with dichloromethane to give the title 
compound (0.071 g, 78%) as a white foam. 
Tetrabenzoxazine 43a: 
Compound (-)-27 (0.04 g, 0.04 mmol) was dissolved in dry toluene (5 mL) in a 25 
mL oven dried round-bottomed flask under nitrogen. Compound 8 (0.08 g, 0.38 
mmol) in toluene (1 mL) was added in one portion and the reaction mixture heated 
at reflux for 21 days. After this time, the reaction was allowed to cool to room 
temperature and the solvent removed under reduced pressure. The residue was 
placed on a column of silica gel and eluted with ethyl acetate: hexane (2:8) to give 
the title compound (0.036 g, 58%) as a white foam. [a]D2l +129.8 (c 1.6, CHCb). 
Found LRMS (ESI): 1623 [M+Hr; [C108H14008N4+Hr requires 1623; the isotopic 
. 'distributi()h' -of' the- olisefYed data matched the theoretical [M+Ht isotopic' 
distribution. Vrnax (DCM)/cm·1 2953, 2867, 1583, 1464, 1321, 1228, 1170, 1117, 
939; OH (400 :MHz, 50°C, CDCh) 0.87 (12 H, t, J= 5.8 Hz), 1.12-1.33 (40 H, m), 
1.39 (12 H, d, J= 6.0 Hz), 1.44-1.59 (16 H, m), 1.62-1.81 (4 H, m), 1.93-2.08 (4 H, 
m), 3.84 (4 H, q, J= 6.5 Hz), 3.87 and 4.18 (8 H, AB, J= 17.0 Hz), 4.29 (4 H, m), 
4.44 (4 H, t, J= 7.2 Hz), 4.66 (8 H, m), 6.87 (4 H, m), 7.19-7.36 (20 H, m); Oc (100 
MHz, CDCb) 14.2,21.5,22.7,23.6,23.7,28.1,32.1,32.6,32.8,36.1, 36.7, 45.4, 
57.1,79.6, 84.5, 112.5, 125.4, 125.5, 127.2, 127.5, 128.4, 144.3,150.0, 152.4. 
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(+)-2,8,14,20-Tetra pen tyl-4,1 0, 16,22-tetrahyd roxy-6, 12, 18,24-
tetramethoxyresorcinarene (+)-22: 
NI "" OH I~ 4 Cs 11 
Compound 62a (0.1 g, 0.08 mmol) was dissolved in isopropanol (15 mL) in a lOO 
mL round-bottomed flask. Sodium hydroxide (0.6 g, 15.0 mmol) was added in one 
portion and the reaction mixture heated at reflux for twenty-four hours. After this 
time, the reaction was allowed to cool to room temperature. A solution of diluted 
hydrochloric acid (10%) was added to the reaction mixture to neutralise the excess 
potassium hydroxide. The solution was then extracted with diethyl ether (3 x 15 
mL) and the organic phases were united, washed with brine, dried over anhydrous 
sodium sulfate and evaporated under reduced pressure. The residue was placed on a 
column of silica gel and eluted with dichloromethane/ethyl acetate (98 :2) to yield 
compound (+)-22 as a white foam (0.05 g, 70%). [0.]025 +52.5 (c I. I, CHCh); 
Found (F AB): 825.5306 [M+Ht; [C52H720 8+Ht requires 825.5319. Vmax 
(DCM)/cm-1 3403, 2927, 2856, 1619, 1588, 1495, 1464, 1335, 1293, 1239, 1196, 
1166, 1089, 1018,901,836; OH (400 MHz, CDCh) 0.89 (12 H, t, J= 7.0 Hz), 1.25-
1.38 (24 H, m), 2.15-2.20 (8 H, m), 3.83 (12 H, s), 4.26 (4 H, t, J= 7.6 Hz), 6.34 (4 
H, s), 7.21 (4 H, s), 7.52 (4 H, s); oc(100 MHz, CDCh) 13.1,21.7,26.8,30.9,32. I, 
32.9,54.8,98.9, 122.6, 123.6, 123.7, 151.9, 152.6. 
(-)-2,8,14,20-Tetrapen tyl-4, 1 0,16,22-tetrahydroxy-6, 12, 18,24-
tetramethoxyresorcinarene (-)-22: 
HOM2"" 6 I~ 4 Cs 11 
Compound 62b (0.1 g, 0.08 mmol) was dissolved in isopropanol (IS mL) in a 100 
mL round-bottomed flask. Sodium hydroxide (0.6 g, 15.0 mmol) was added in one 
portion and the reaction mixture heated at reflux for twenty-four hours. After this 
time, the reaction was allowed to cool to room temperature. A solution of diluted 
hydrochloric acid (10%) was added to the reaction mixture to neutralise the excess 
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potassium hydroxide. The solution was then extracted with diethyl ether (3 x 15 
mL) and the organic phases were united, washed with brine, dried over anhydrous 
sodium sui fate and evaporated under reduced pressure. The residue was placed on a 
column of silica gel and eluted with dichloromethane/ethyl acetate (98:2) to yield 
compound (-)-22 as a white foam (0.05 g, 70%). [alD2l -51.6 (c 1.1, CHCh). 
Found [M+~t: 842.5558 (FAB). [Cs2H7208+~t requires 842.5565. Vmax 
(DCM)/cm-1 3403, 2927, 2856, 1619, 1588, 1495, 1464, 1335, 1293, 1239, 1196, 
1166, 1089, 1018,901,836; DH (400 MHz, CDCh) 0.89 (12 H, t, J7.0 Hz), 1.25-
1.38 (24 H, m), 2.15-2.20 (8 H, m), 3.83 (12 H, s), 4.26 (4 H, t, J7.6 Hz), 6.34 (4 H, 
s), 7.21 (4 H, s), 7.52 (4 H, s); DC (lOO MHz, CDCh) 13.1, 21.7, 26.8, 30.9, 32.1, 
32.9,54.8,98.9, 122.6, 123.6, 123.7, 151.9, 152.6. 
(R)-2-Methoxy-2-phenylethyl methanesulfonate 65: 
7, 
o 0 8 36fe5 0-'8/ 1""16 " 
4 h 2 0 
3 
(R)-2-methoxy-2-phenylethanol 45 (1.0 g, 6.6 mmol), triethylamine (1.3 g, 13.2 
mmol) and a catalytic amount of DMAP were dissolved in dichloromethane (40 
mL) in a 100 mL round-bottomed flask. Methanesulfonyl chloride (764 ilL, 9.1 
mmol) was then added to the reaction mixture. The reaction mixture was stirred at 
. . room temperature for 2 hours. Brine (20 mL) was added to the mixture and the two 
phases were separated. The organic phase was dried over anhydrous sodium sulfate 
and concentrated under reduced pressure. The residue was placed on a column of 
silica gel and eluted with ethyl acetate: hexane (3 :7) to give the title compound as a 
yellow oil (1.3 g, 87%). [alD2l= -93.8 (1.6, CHCh). Found (FAB) [M+Ht: 
231.0694. [C1oHI40 4S+Ht requires 231.0691; Vmax (DCM)/cm-1 3404, 3086, 3016, 
2938,2891,2831,1450,1336,1172,1121,970,763 and 701; DH (400 MHz, CDCb) 
3.00 (3 H, s, H8), 3.31 (3 H, s, H7), 4.21-4.25 (1 H, m, H6), 4.29-4.34 (1 H, m, H6), 
4.50 (1 H, dd, J= 8.0 Hz, J= 3.6 Hz, H5) and 7.32-7.35 (5 H, m, HI, ill, H3 and 
H4); DC (100 MHz, CDCh) 37.69 (C7), 57.04 (C8), 72.76 (C6), 81.49 (C5), 126.00 
(C2), 128.85 (C3 and C4) and 135.54 (Cl). 
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(R)-2-Methoxy-2-phenylethyl p-toluenesulfonate 66:9•10 
7, 
2 0 0 9 10 36fyS O'S~12 
116 II~ 
4 h 2 0 9 10 
3 
(R)-2-methoxy-2-phenylethanol 45 (1 g, 6.6 mmol), triethylamine (1.3 g, 13.2 
mmol) and a cataly1ic amount of DMAP were dissolved in dichloromethane (40 
mL) in a 100 mL round-bottomed flask. Toluenesulfonyl chloride (l.5 g, 7.8 mmol) 
was then added to the reaction mixture. The reaction mixture was stirred at room 
temperature for 6 hours. Brine (20 mL) was added to the mixture and the two phases 
were separated. The organic phase was dried over anhydrous sodium sulfate and 
concentrated under reduced pressure. The residue was placed on a column of silica 
gel and eluted with. ethyl acetate: hexane (2:8) to give the title compound as a 
yellow oil (l.5 g, 75%). [a]D2l= -71.1 (l.8, CHCh). Found (FAB) [M+Ht: 
307.1002. [C16HlS04S+Hf requires 307.l004; VrnaK (DCM)/cm,l 3378, 2935, 2826, 
1358, 1189, 1176, 1121,975 and 666; OH (400 MHz, CDCh) 2.44 (3 H, s, H12), 
3.23 (3 H, s, H7), 4.41 (1 H, dd, J= 7.6 Hz, J= 4.4 Hz, HS), 7.23-7.34 (7 H, m, H2, 
H3, H4 and HID) and 7.73 (2 H, d, J= 6.4 Hz, H9); oe (100 MHz, CDCh) 2l.64 
(C12), 57.08 (C7), 72.89 (C6), 8l.26 (C5), 126.95 (C2), 127.93 (C4), 128.62 (C3), 
128.71 (C9), 129.77 (C10), 133.09 (Cl), 136.86 (C8) and 144.69 (C11). 
2,8,14,20-Tetrapentyl-4, 1 0, 16,22-tetrameth oxy-6, 12, 18,24-tetra( (R)-2-m eth oxy-
2-phenylethoxyresorcinarene 64a : 
4 
19 
(-)-Tetramethoxyresorcinarene 22 (0.10 g, 0.1 mmol), (R)-2-methoxy-2-
phenylethyl toluenesulfonate 66 (0.31 g, l.0 mmol) and caesium carbonate (0.50 g, 
1.5 mmol) were dissolved in dry acetonitrile (l0 mL) in a 50 mL oven-dried round-
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bottomed flask under nitrogen. The reaction mixture was heated under reflux for ten 
days. Water (10 rnL) was then added to the reaction mixture and the two phases 
were separated. The aqueous layer was extracted with diethyl ether (3 x 10 rnL), the 
organic phases were united, washed with brine, dried over anhydrous sodium sulfate 
and evaporated under reduced pressure. The residue was placed on a column of 
silica gel and eluted with ethyl acetate: hexane (1:9) to give the title compound 
(0.081 g, 49%). [a]D25= -32.7 (l.2, CHCh). The isotopic distribution of the 
observed data matched the theoretical [M+Nat isotopic distribution. Vmax 
(DCM)/cm,1 3027, 2926, 2856, 1731, 1609, 1582, 1497, 1452, 1296, 1194, 1117, 
1039 and 913; OH (400 MHz, (CD3)2S0, 100°C) 0.75 (12 H, rn, HI9), l.09-1.24 (24 
H, m, HI6-18), 1.56-1.71 (8 H, rn, HI5), 3.28 (12 H, s, H13 or H20), 3.38 (12 H, s, 
H13 or H2O), 3.86 (4 H, dd,J= 10.1 Hz,J= 3.9Hz, H7), 3.97(4H, dd,J= 10.1 Hz, 
J= 7.0 Hz, H7), 4.35 (4 H, dd, J= 7.0 Hz, J= 3.9 Hz, H8), 4.70 (4 H, t, J= 7.2 Hz, 
HI4), 6.37 (4 H, s, H2), 6.51 (4 H, s, H5) and 7.26-7.34 (20 H, rn, HIO-12); Oe (100 
MHz, (CD3)2S0, 100°C) 13.01 (CI9), 21.34 (CI8), 26.56 (CI7), 30.93 (CI6), 
34.03 (CI4), 34.28 (CI5), 55.04 (CJ3 or C20), 56.03 (C13 or C20), 72.84 (C8), 
81.70 (C7), 98.54 (C2), 125.13 (C5), 125.32 (C4 or C6), 125.88 (C4 or C6), 126.26 
(CIO or Cl 1), 126.97 (CI2), 127.51 (CIO or Cl I), 138.68 (C9), 154.37 (Cl or C3) 
and 155.09 (Cl or C3). 
2,8,14,20-Tetra pen tyl-4, 1 0, 16,22-tetrameth 0 xy-6, 12, 18,24-tetra( (R)-2-meth oxy-
2-phenylethoxyresorcinarene 64b: 
18 17 
19 
(+)-Tetramethoxyresorcinarene 22 (0.07 g, 0.1 mmol), (R)-2-methoxy-2-
phenylethyl methanesulfonate 65 (0.23 g, 1.0 mmol) and potassium carbonate 
(0.140 g, 1.0 mmol) were dissolved in dry acetonitrile (10 mL) in a 50 mL oven-
dried round-bottomed flask under nitrogen. The reaction mixture was heated under 
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reflux for ten days. Water (10 mL) was then added to the reaction mixture and the 
two phases were separated. The aqueous layer was extracted with diethyl ether (3 x 
10 mL), the organic phases were united, washed with brine, dried over anhydrous 
sodium sulfate and evaporated under reduced pressure. The residue was placed on a 
column of silica gel and eluted with ethyl acetate: hexane (15:85) to give the title 
compound (0.081 g, 49%). [a.]D25= -1.4 (1.4, CHCh). The isotopic distribution of 
the observed data matched the theoretical M' and [M+Nar isotopic distribution. 
Vmax (DCM)/cm-1 3027, 2926, 2856, 1731, 1609, 1582, 1497, 1452, 1296, 1194, 
1117,1039 and 913; oH(400 MHz, CDCh) 0.84 (12 H, m, HI9), 1.19-1.31 (24 H, 
m, H16-18), 1.71-1.80 (8 H, rn, HIS), 3.26 (12 H, s, Hl3 or H2O), 3.48 (12 H, s, 
H13 or H2O), 3.86 (8 H, d, J= 5.6 Hz, H7), 4.34 (4 H, t, J= 4.4 Hz, H8), 4.46 (4 H, 
t, J= 7.4 Hz, HI4), 6.22 (4 H, s, H2), 6.56 (4 H, s, H5) and 7.27-7.41 (20 H, rn, 
HI0-12); Oc (100 MHz, CDCh) 14.23 (CI9), 22.73 (CI8), 28.07 (CI7), 32.26 
(CI6), 34.50 (CI5), 35.77 (CI4), 55.65 (C13 or C20), 57.32 (C13 or C20), 73.61 
(C8), 82.30 (C7), 98.15 (C2), 126.29 (CS), 126.97 (CI0 or Cll), 127.85 (CI2), 
128.36 (CI0 or Cll), 139.68 (C9), 154.95 (Cl or C3) and 155.69 (Cl or C3). 
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4 Experimental Parts: Dialkylzinc Addition to Benzaldehydes 
3,4-Dihydro-6-methyl-3-( (R)-1-phenylethyl)-2H-benzo[ e) [1,3)oxazine 67:4 
6 1 14 50('0i9N3:7 15 ~N 1 "",1 14 
7 3 2 8 10 13 
11 
p-Cresol (5.0 g, 46.2 mmol), (R)-(+)-a-methylbenzylamine (5.6 g, 46.2 mmol), 
paraformaldehyde (2.8 g, 92.5 mmol) and a pellet of potassium hydroxide were 
dissolved in ethanol (100 mL) in a 250 mL round-bottomed flask under nitrogen. 
The solution was heated under reflux for twelve hours. The reaction mixture was 
allowed to cool and the solvent was removed under reduced pressure. The residue 
was placed on a column of silica gel and eluted with hexane: ethyl acetate (95:5) to 
give the title compound (9.1 g, 78%). [a)o25= +24.0 (2.0, CHCb). Found (ES): 
254.1542. C17H190Nrequires 254.1539; Vmax (DCM)/cm-1 3024, 2972, 2921, 2898, 
2857, 1617, 1587, 1501, 1452, 1225, 1139, 939,912,815 and 702; cSH (400 MHz, 
CDCI3) 1.45 (3 H, d, J= 6.6 Hz, HI 1), 2.23 (3 H, s, H7), 3.72 and 4.08 (2 H, AB, J= 
16.8 Hz, H8), 3.98 (1 H, q, J= 6.6 Hz, HI0), 4.82 and 5.06 (2 H, AB, J= 10.2 Hz, 
H9), 6.68 (1 H, m, H3), 6.70 (1 H, d, J= 8.4 Hz, H6), 6.91-6.94 (1 H, rn, H5) and 
7.23-7.35 (5 H, m, Hl3, H14 and HI5); cSc (100 MHz, CDCb) 20.63 (C7), 21.68 
(Cl1), 48.74 (C8), 57.57 (CI0), 80.04 (C9), 115.98 (C6), 120.14 (C2), 127.21 
(CI5), 127.31 (Cl3), 127.87 (C3), 128.14 (C5), 128.53 (CI4), 129.69 (C4), 144.76 
(CI2) and 152.57 (Cl). 
General procedure for the dialkylzinc addition to benzaldehydes: 
The catalyst was dissolved in dry toluene (1 mL) under nitrogen atmosphere and 
was cooled in a cold water bath. Diethylzinc (1.0 M in toluene, 2.2 mL, 2.2 mmol) 
was added slowly and the mixture stirred for thirty minutes. After this time, the 
reaction was cooled to -78°C. Benzaldehyde (0.1 mL, 1 mmol) was added 
dropwise. The reaction was allowed to gradually warm to room temperature over 
night. The reaction mixture was then partitioned between diethyl ether (60 mL) and 
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aqueous HCl (2M, 60 mL). The organic phase was dried over magnesium sulfate 
and concentrated, furnishing the crude title compound. 
I-Phenylpropan-l-oI68: 11 
Colourless oil: Vrnax (neat)/cm-1 3393, 3027, 2957, 2870, 1468, 1453, 1021, 759; OH 
(400 MHz, CDCh) 0.73 (3 H, d, J 6.7 Hz), 0.93 (3 H, d, J 6.7 Hz), 1.78 (1 H, bs), 
1.90 (1 H, sept, J 6.7), 4.21 (1 H, d, J 6.9 Hz), 7.18-7.29 (5 H, m); Oe (100 MHz, 
CDCh) 18.2, 18.9, 35.1, 80.0, 126.7, 127.8, 128.1, 143.6; HPLC conditions: 
(Chiracel OD), 95:5 Hexane:Isopropanol, r.t., 29.4 min, 32.1 min (major isomer). 
1-( 4-Chlorophenyl)propan-l-01 69: 12 
Pale yellow oil: Vrnax (CHCh)/cm-1 3361, 2954, 2875, 1491, 1090, 1013, 823; OH 
(400 MHz, CDCh) 0.82 (3 H, t, J7.4 Hz), 1.60-1.88 (2 H, m), 2.30 (1 H, bs), 4.40 
(1 H, t, J 6.5 Hz), 7.17-7.35 (4 H, m); lie (100 MHz, CDCh) 10.0,32.0,75.3, 127.3, 
129.4, 143.0, 15l.l; GC conditions: 13-cyc1odextrin (125°C, isothermal), 31.5 min, 
32.7 min (major isomer). 
1-( 4-Methoxyphenyl)propan-l-01 70: 13 
Colourless oil: Vrnax (neat)/cm-1 3390, 2960, 2932, 1611, 1513, 1247; IiH (400 MHz, 
CDCb) 0.84 (3 H, t, J7.2 Hz), l.60-1.90 (2 H, m), 1.80 (1 H, bs), 3.74 (3 H, s), 4.64 
(1 H, t, J 6.8 Hz), 6.82 (2 H, d, J 8.7 Hz), 7.18 (2 H, d, J 8.7 Hz); lie (100 MHz, 
CDCh) 10.2, 31.7, 55.2, 75.6, 113.7, 127.2, 136.7, 158.9; GC conditions: S-
cyc1odextrin, 125°C, r.t., 33.7 min(major isomer), 35.2 min. 
I-Phenylethanol71: 11 
Colourless oil: Vrnax (neat)/cm-1 3365, 2929, 2870, 1472, 1031; OH (400 MHz, 
CDCh) 1.45 (1 H, d, J7.8 Hz), 2.42 (1 H, bs), 4.79 (1 H, q, J7.8 Hz), 7.29-7.32 (5 
H, m); Oe (100 MHz, CDCh) 25.7,70.8, 126.1, 127.9, 129.2, 146.4; GC conditions: 
13 cyc10dextrin (110°C, isothermal), 12.0 min, 12.6 min (major isomer). 
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5 Experimental Parts: Molecular Recognition using the 
Tetrabenzoxazines 
(±)-Phenylalaninol72: 14 
532 
6~OH 705 NH2 
6 
Chlorotrimethylsilane (15.3 mL, 120.3 mmol) was added to a suspension of lithium 
borohydride (1.32 g, 60.2 mmol) in tetrahydrofuran (75 mL) in a 250 mL round-
bottomed flask under nitrogen. (±)-Phenylalanine (5.00 g, 30.1 mmol) was then 
added over five minutes. The mixture was stirred at room temperature for twenty-
four hours; methanol was then added until no further effervescence was visible. The 
solvent was then removed under reduced pressure. The residue was treated with a 
potassium hydroxide solution (20%) and the mixture was extracted using 
dichloromethane (3 x 30 mL). The organic phases were united, washed with brine 
and dried over anhydrous sodium sulfate. The solvent was removed under reduced 
pressure to yield the title compound as a pale yellow solid (4.3 g, 95%). Vmax 
(DCM)/cm-1 3659, 3355, 3297, 3021, 2782, 1640, 1578, 1493, 1089 and 835; cSH 
(400 MHz, CDCh) 2.50 (I H, dd, J= 13.6, J= 8.8 Hz, H3), 2.79 (I H, dd, J= 13.6, 
J= 5.2 Hz, H3), 3.10 (1 H, m, HI), 3.39 (1 H, dd, J= 10.8, J= 7.2 Hz, H2), 3.62 (1 
H, dd, J= 10.8, J= 4.0 Hz, H2) and 7.18-7.32 (5 H, m, H5-7); cSc(JOO MHz, CDCh) 
4109 (C3), 54.60 (Cl), 66.50 (C2), 126.80 (C7), 128.97 (C5), 129.60 (C6) ann 
139.10 (C4). 
(±)-Phenylalanine ethyl ester 73: 15 
o 
1 8 
20 ............... 9 
Concentrated sulfuric acid (I mL, 18 mmol) was dissolved in ethanol (20 mL) in a 
100 mL oven-dried round-bottomed flask. (±)-Phenylalanine (5.0 g, 0.30 mmol) 
was added to the solution and the mixture was heated under reflux for two hours. 
The mixture was then concentrated under reduced pressure and the residue was 
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dissolved in ethyl acetate (20 mL). The organic phase was washed with a solution of 
potassium carbonate (O.lM, 2 x 40 mL), washed with brine, dried over anhydrous 
magnesium sulfate and concentrated under reduced pressure to yield the title 
compound as a colourless oil (3.9 g, 67%). OH (400 MHz, CDCh) 1.30 (3 H, t, J= 
7.1 Hz, H9), 3.09 (1 H, dd, J= 17.6,6.8 Hz, H2), 3.19 (1 H, dd, J= 17.6,6.8 Hz, 
H2), 3.85 (I H, t, J= 6.8 Hz, HI), 4.12 (2 H, q, J= 7.l Hz, H8) and 7.10-7.22 (5 H, 
m, H5-7). 
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